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In the Merck Research Laboratories, antibiotic research 


is a continuous effort—to make therapy more and more 


effective and to reduce the incidence of side reactions. 
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Calcium Chloride Complex 
Merck have found that its high 
purity assures uniform potency and 
a minimum of pain on injection. 

This Merck form of streptomycin, 
parenterally or orally administered, 
has proved highly effective in cer- 
tain gram-negative bacillary infec- 
tions in dogs, cats, swine, sheep, 
cattle, and horses. 

A recently published bulletin, 
available on request, provides in- 
formation on indications, dosages, 
precautions, and methods of admin- 
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Isolation and Cultivation 


of BRUCELLA 


Preliminary Enrichment 


Isolation of Brucella strains from blood specimens is best 
accomplished by preliminary enrichment of the sample in 
medium prepared from Bacto-Tryptose Broth. For isolation 
from samples of infected milk no enrichment is required. 


lsolation of Strains 


After enrichment the blood specimens are streaked on plates 
of Bacto-Tryptose Agar and the plates are incubated at 
37° C., milk samples are streaked on plates of Bacto-Tryp- 
tose Agar prepared with crystal violet to inhibit the strepto- 
cocci and other Gram-positive organisms. 


Differentiation of Types 


Bacto-Tryptose Agar to which thionin or basic fuchsin has 
been added is recommended for the differentiation of newly 
isolated strains of Brucella. 


Mass Cultivation 


Bacto-Tryptose Agar, prepared without addition of dyes 
or other ingredients, supports luxuriant growth of all Bru- 
cella. It is an excellent medium for mass cultivation of the 
organisms for preparation of bacterial vaccines or antigens. 


Specify ' DIFCO” 


THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 
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YANKEE 
ROTATORS 


A.2270 or slide agglutination tests 
and other mixing operations 


YANKEE ROTATORS impart a gentle circular motion in the horizontal 
plane to simulate hand mixing, and are therefore especially valuable 
fer the Boerner-Jones-Luken, Mazzini, Kline and other micro slide 
agglutination tests. They are also well suited for blood typing and 
grcuping tests, for mixing solutions in flasks, beakers, etc., and for 
many cther procedures where gentle continuous mixing is indicated. 

Yankee Rotators are ruggedly built for continuous heavy-duty use 
under loads up to 25 pounds. The mixing platform has a pin-point 
rubber surface to prevent slides and containers from slipping. The 
hcusing is easy-to-clean white plastic. Rubber suction feet anchor the 
unit firmly, even to glass surfaces. The constant speed motor needs 
ro lubrication; it cperates on 110 volts AC. 

Model A-2270, fer laboratcries doing a large volume of work, has 
an IIxll” mixing platform which accommodates twelve 3x2” con- 
cavity slides cr a number of flasks or cther containers. It rotates at 
130 RPM, has a timer which can be set for 2 to 5 minutes of operation 
before it shuts off the motor automatically. The timer can be cut out 
of the circuit so that the rotatcr can also be used for continuous mixing. 

Model A-2275 is similar to A-2270, but is for smaller laboratories. 
Its platform is 8x8” and accommodates six 3x2” concavity slides or 
ene large container. 

Medel A-2280 is designed for use in bleod banking, to mix the anti- 
coagulant with the donor’s blood as it is being received; it operates at 
the required speed of 100 RPM. Its 8x8” platform will hold a 600 or 
750 ml. plasma bettle. It has no timer. 

A-2270 Yankee Rotator, 11x11” platform, 130 RPM, with automatic timer; 
for 110 v., 60 cycle AC ! Each $52.50 


A-2275 As above, but with 8x8” platform ....Each $45.00 
A-2220 Yankee Donor Blood Rotator, 8x8" platform, 100 RPM, without auto- 
matic timer; for 110 v., 60 cycle AC Each $40.00 


Write for New Catalog 16f. 
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A Nonantigenic Allergic Agent for Intradermal 
Brucellosis Tests 


H. E. OTTOSEN, V.M.D., and N. PLUM, V.M.D. 


Copenhagen, Denmark 


DURING the past four decades, many work- 
ers have attempted to develop a suitable 
intradermal allergic test for brucellosis in 
cattle. A variety of preparations have been 
made for the purpose, most of which have 
proved more or less antigenic and, conse- 
quently, unfit for use in the practical work 
on the control of brucellosis.* 


METHODS 


In 1939, Plum and Russeff,® from this insti- 
tute, reported that they had prepared an ex- 
tract of Brucella abortus which combined 
nonantigenicity with the ability of eliciting 
allergic skin reactions when injected intra- 
dermally into Brucella-infected animals 
(guinea pigs and cattle). When injected into 
normal, nonsensitized animals, the extract 
caused no, or very slight, reactions. The prep- 
aration was obtained by treatment of thor- 
oughly dried Br. abortus cells with liquid air, 
and subsequent extraction in slightly alkaline 
water. The active principle of the prepara- 
tion seemed to be a thermo-labile substance. 

Since the initial results were so encourag- 
ing, further experiments were made along this 
line. However, it soon became evident that 
the original method of preparation had to be 
altered; first, because the treatment with 
air involved a considerable inconvenience, or 
even danger,** not only to the persons occu- 
pied with this particular work, but also to 
other persons in the room where the process 
was taking place; second, because, by this 
method, only very small quantities of the prep- 
eration could be made. Moreover, the sub- 
stance lost its allergic potency after short 
storage. In addition, the various batches were 


From the State Serum Laboratory, Copenhagen, 
Denmark. 

*Huddleson's monograph! gives an excellent sur- 
vey of the more important reports on this subject; 
therefore, in this paper, reference is made only to 
a few of the more important recent works. 

**Ry treatment with liquid air, some of the cells, 
or their constituents would be dispersed into the 
atmosphere and, when inhaled by sensitive persons, 
cause unpleasant fits of fever, headache, and 
bronchitis. 
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different in their effect, in sensitized as well 
as in unsensitized animals. 

As a new method of preparation, grinding in 
a low temperature mill (according to the 
technique devised by Flosdorf and Mudd) was 
first adopted. Since the results obtained were 
poor, the principle of exposing the bacterial 
cells to excessively low temperatures before 
extraction seemed inadequate and was aban- 
doned. 

After that, the possibility of disintegrating 
the bacterial cells by treatment with super- 
sonic waves was considered. Instead, a treat- 
ment of the cells in a homogenizer at a pres- 
sure of about 400 atmospheres was attempted. 
Still adhering to the idea that the active sub- 
stance was a thermo-labile compound, the 
principle of avoiding temperatures higher than 
60 C. was continuously maintained. 

By the afore-mentioned procedure, a num- 
ber of preparations were obtained, all of 
which had the ability of producing powerful 
skin reactions in sensitized guinea pigs. Un- 
fortunately, they also acted as potent antigens. 
An attempt was made to eliminate the anti- 
genic fraction by absorption onto aluminum 
hydroxide gels. Various concentrations (10, 
15, and 25%) of this compound were tried, 
and, in one instance, using a 25 per cent 
Al(OH); gel, it was possible to deprive a 
batch almost completely of its antigenicity 
without ridding it of its allergic power. How- 
ever, in the following attempts, this result could 
not be reproduced. This failure was first 
thought to be due to ignorance of some techni- 
cal detail of importance to the result of the 
adsorption and, consequently, the work was 
carried on along this line for a longer time. 
After further futile attempts, the adsorption 
method was finally dropped. 

An attempt was also made to eliminate the 
antigenic power of the extracts of Brucella 
cells by an in vitro digestion by trypsin. A 
reduction of the antigenicity was actually at- 
tained by such a treatment but, at the same 
time, the specific allergic power of the prod- 
uct was largely ruined. 

At this stage of the work, we realized the 
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necessity of adopting an essentially new 
method of extraction if our efforts to make a 
nonantigenic skin test material were not to 
be frustrated. In the fall of 1945, we resumed 
our work and abandoned the dogma that the 
extraction had to take place without heating. 

As a basis for our new experiments, we 
used the method given by R. C. Lancefield* for 
preparation of precipitinogen,’ i. e., a heat 
extraction of the bacterial cells in one-twen- 
tieth normal solution of HCl in an 0.85 per 
cent NaCl solution. However, we did not stop 
at the acid extraction, but submitted the bac- 
teria to a subsequent extraction in alkaline 
fluid. 

After some preliminary experiments, 
following procedures were decided upon. 

An abundantly growing aérobic strain of 
Br. abortus was cultivated on the surface of 
glycerin-dextrose-agar in Roux flasks. After 
incubation for six days, the growths were 
washed off with physiologic NaCl solution, and 
the suspension of Brucella cells obtained was 
heated to about 60 C. for one hour in order 
to kill the organisms. The organisms were 
then sedimentated in a centrifuge and resus- 
pended in a large quantity of physiologic 
NaCl solution, i. e., 15 liters to the growths 
from about 100 flasks. To this suspension, 
HCl was added until a pH of 1.3 to 1.5 was 
attained (10% of a N/2 solution of HCl met 
this requirement). The acidified bacterial 
suspension was heated to 100 C. in flowing 
steam for forty minutes and left in the boiler 
overnight for cooling. The cells were again 
sedimentated in a centrifuge (12,000 r.p.m.) 
and, after that, NaOH was gradually added to 
a portion of the fluid. At a pH of about 4, a 
voluminous, greyish white precipitate began to 
appear, reaching its maximum at a pH of 
about 4.5 and gradually redissolving when the 
pH was increased above 5. 

The pH of the whole portion of the fluid 
having been adjusted at 4.5 and the resulting 
sediment removed by centrifugation, the pH 
of the supernatant was finally adjusted at 7.5. 
The sediment was washed in distilled water to 
which HCI had been added so as to bring about 
a pH of 4.5, and at last it was suspended in 
2.5 liters of pure distilled water. The pH of 
this suspension was adjusted at about 7.5 by 
NaOH, whereby most of the sediment redis- 
solved. 

The acid extraction of the bacterial cells 
was repeated once, this time, however, in only 
1 liter of acid-salt solution. On adjusting the 
pH of this extract at 4.5, only a slight precipi- 
tate formed, and we decided that all acid- 
soluble substance had been removed from the 
cells. At a pH of 11, another precipitate, 


the 


*This method is, in its turn, a modification of a 
method devised by O. Porges* for removing the 
capsules of certain nonagglutinable capsulated hac- 
teria, thus making them agglutinable 
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the color of carrots, formed; this precipitate, 
which was rather sparse, could be redissolved 
only at a very low pH (1 to 1.5). It is worth 
mentioning that no similar substance could be 
drawn from the first acid extract. 

After the second treatment with acid, the 
Brucella cells were washed and then sus- 
pended in 1.5 liter of physiologic NaCl solu- 
tion. The pH was adjusted at 10 by NaOH 
and the suspension then heated to 100 C. in 
flowing steam for forty minutes. After this 
treatment, the cells were almost completely 
dissolved; only sparse remnants resulted after 
centrifugation. The pH of the supernatant 
was gradually lowered by HCl, and at 5.2 a 
precipitate similar to the one drawn from the 
acid extract began to form. As in the acid 
extract, the precipitation seemed to be com- 
pleted at a pH of 4.5; on further addition of 
acid, no further precipitation or return to 
solution occurred. The precipitate was sedi- 
mentated, washed, and finally redissolved in 
the same manner as the precipitate from the 
acid extract, i. e., at a pH of 7.5; the volume 
of fluid used for the dissolving was % liter. 
The pH of the supernatant, too, was adjusted 
at 7.5. 

As a preservative, formalin was added to 
all the preparations at the rate of 0.1 per cent 
of H.CH:0O. 

Briefly summarized, the 
treatments of Br. abortus 
the following products: 

Product 1 (P,).—Neutralized acid extract. 

Product 2 (P:).—Precipitate from acid ex- 
tract, redissolved at pH 7.5. Probably an 
amphoteric compound, since soluble at any pH 
above 5 or below 4. 

Product 2a (P2.). 
second acid extract. 

Product 3 (P:).—Neutralized alkali extract. 

Product 4 (P,).—Precipitate from alkali 
extract, redissolved at pH 7.5. Probably an 
acid, since insoluble at pH values below 
5.0 to 5.5. 

P, and P; were perfectly clear, slightly 
greenish liquids, although, in P,, a_ white, 
granular deposit formed after storing for 
some time. On intravenous injection (i. v.) 
of a 1-cc. dose into a rabbit, neither of the two 
products gave rise to formation of agglutinins 
or complement-fixing antibodies. Neither did 
they produce any noteworthy reactions when 
injected intradermally into Brucella-infected 
guinea pigs. 

The solutions of P. and P, were yellowish 
grey, slightly opalescent. In P. a moderate 
deposit formed on standing. As was the case 
with P, and P;, neither P. nor P, gave rise to 
formation of agglutinins or complement-fix- 
ing antibodies in rabbits when injected i.v. 
in l-ce. quantities. Intradermal injections of 
0.05-cce. doses of either of the two products into 
Brucella-infected guinea pigs caused spectacu- 
lar reactions. In normal guinea pigs, P» pro- 
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duced practically no reactions, whereas P, 
gave rise to not quite negligible swellings— 
though far less pronounced than in the sensi- 
tized animals, and of a somewhat different 
character, i.c., not associated with any note- 
worthy hyperemia or edema. 

After these preliminary experiences, we 
believed that, in the product P:, we had found 
the substance searched for. In subsequent 
studies, we concentrated our efforts on this 
product, which in the following discussion 
will be referred to as precipitated extract of 
Br. abortus (PEBA). 


TABLE |—Intradermal Tests with PEBA in 
Unsensitized Guinea Pigs 


INTRADERMAL BRUCELLOSIS TESTS 7 


genicity were made on rabbits, 1 cc. of each 
batch of PEBA being injected i.v. into a rab- 
bit from which a blood sample had been drawn 
before the injection. After two weeks, an- 
other blood sample was drawn from each ani- 
mal. The samples were tested for content 
of agglutinins and complement-fixing anti- 
bodies against Brucella. All the batches 
hitherto examined have passed this test, since 
in no instances could formation of any of 
these antibodies be demonstrated. 

Since PEBA did not induce formation of 
antibodies in the blood, it would not be likely 
to give rise to development of skin sensitivity 
in the animals. To produce a better evidence 
for this presumption, each of 5 normal guinea 
pigs was given 2 cc. PEBA intraperitoneally 


Days No. showing the indicated “erense (i.p.) and six weeks later submitted to an in- 
‘fter __Increase of skin tiicknes*__ of skin  tradermal test, and each of 5 other normal 
injec- 0.1-0.4 0.5-0.7  0.8-0.9 1.0-1.1 thickness 
tion (mm.) (mm.) (mm.) (mm.)  (mm.) guinea pigs was tested intradermally twice at 
1 13 7 3 2 0.5 an interval of six weeks. The response to the 
2 12 2 4 1 ye intradermal test was in all cases quite like the 
« é 


In continuing our work, we have prepared a 
series of batches of PEBA, all of which have 
been tested for antigenicity and for ability to 
produce specific allergic reactions in Brucella- 
infected animals and nonspecific reactions in 
normal animals. 

The method of preparing the material has 
been slightly altered, owing to the rapidly 
deteriorating effect of the acid suspension 
of bacterial cells on the separator bowl. (An 
ordinary cream separator, slightly amended, 
was used.) To avoid this, we adjusted the pH 
of the suspension at 7.5 before the separation, 
and afterwards readjusted the fluid part at 
4.5. We also hoped, in this manner, to elim- 
inate the part of the sediment we had found to 
be insoluble at neutral reaction. Our ex- 
pectations on this point did not materialize, 
possibly because the substance in question 
is heavily soluble and thus, although keeping 
dissolved in the larger quantity of fluid, re- 
mains undissolved in the lesser quantity used 
for redissolving the sediment. The insoluble 
remainder is easily removed from the final 
product by powerful centrifugation or by long 
standing. It seems to possess little, if any, 
allergic potency. 


EXPERIMENTAL 


As mentioned previously, the tests for anti- 


TABLE 2—Intradermal Tests with PEBA in Sensitized Guinea Pigs 


response usually recorded in untreated ani- 
mals. 

Besides being controlled for nonantigenicity, 
each batch has been tested for inability to pro- 
duce skin reactions in nonsensitized guinea 
pigs. 

Finally, the potency of all batches to elicit 
specific allergic skin reactions was ascertained 
by intradermal tests in guinea pigs which had 
been infected with Br. abortus not less than 
four weeks previously. 

The intradermal tests in guinea pigs were 
conducted as follows. Having clipped the hair 
over a suitable area, and measured the thick- 
ness of a fold of the skin by a pair of calipers, 
0.05 cc. PEBA was injected as deeply as 
possible into the corium. The site of the in- 
jection was examined after one, two, and three 
days, the thickness of the skin being measured 
each time. The rate of the increase of the 
skin thickness at the site of the injection, to- 
gether with the degree of hyperemia and 
edema, form the criteria upon which the dis- 
tinction between reaction and nonreaction is 
based. 

In table 1, a survey is given of 25 intra- 
dermal: tests with PEBA in normal guinea 
pigs and, in table 2, a similar survey of 40 
tests in Brucella-infected guinea pigs. 

It appears from the tables that approxi- 
mately a 1-mm. increase of the skin thickness 
represents the lowest value to be regarded as 


No. showing the indicated increase of skin thickness 
0.5-0.7 0.9 1.0-1.4 1.5-1.9 2.0-2.9 3.0-3.9 
(mm.) (mm.) (mm.,) (mm.) (mm.) (mm.) 


Days of skin 
after 
injection 


(mm.) 


2 5 14 16 
1 6 10 17 
1 N 11 12 


} 
= 
Ave 
s 
.0 
2 
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a specific allergic reaction. In a minor num- 
ber of cases, equal reactions have been re- 
corded in infected and noninfected animals. 
This finding seems to indicate that some of 
the Brucella-infected guinea pigs have been 
insensitive to PEBA. Yet, this is undoubt- 
edly not true in all the cases. The local in- 
crease of the skin thickness is not always an 
adequate representation of the magnitude of 
the reaction, since in sensitized animals the 
swellings are rather diffuse, of an edematous 
character, and, as a rule, associated with a 
considerable hyperemia, whereas, the modest 
swellings that may occur in  nonsensitized 
guinea pigs are circumscribed, rather firm and 
usually pale. Therefore, in our subsequent 
small animal experiments, we recorded not 
only the increase of the skin thickness at the 
site of the injection, but also the diameter of 
the swollen area. From the figures thus ob- 
tained, an index of reaction was calculated by 
the following formula: 
te + th 
2 

in which r denotes the radius of the swollen 
area, t; and t. the (double) thickness of the 
skin before the injection and at the time the 
reaction is read, respectively. It will appear 
that, if the symbol 7 were put in, this formula 
would apply to the volume of a cylinder. The 
index thus calculated is, of course, inaccurate, 
since the shape of the swelling is by no means 
that of a cylinder. The inaccuracy can, how- 
ever, be compensated to some extent if, in the 
measurement of the swollen area, the most 
peripheric zone of the latter is disregarded. 

Expressed by this index, the skin reactions 
produced by PEBA in Brucella-infected guinea 
pigs will generally be most pronounced on the 
first day after the injections, whereas, when 
represented simply by the increase of the skin 
thickness, they will be largely equal on the 
first and on the second days. 

Standardization of PEBA.—The subse- 
quent small animal experiments referred to 
were conducted as titrations, aimed at a stand- 
ardization of the respective batches of PEBA. 
To this end, serial dilutions of each batch were 
prepared, beginning at 1:2 and doubling up 
until 1:32. A 0.05-ce. dose of each of these 
dilutions, as well as of the undiluted product, 
was injected intracutaneously (i.c.) into each 
of a series of Brucella-infected guinea pigs. 
Usually, 5 guinea pigs were used for each 
batch titrated, and each of the animals re- 
ceived altogether six injections. 

After the completion of this series of tests, 
the most potent of the batches was tested, 
undiluted, in 5 normal guinea pigs. 

The results of the titrations are summarized 
in table 3. It appears that, in the nonsensi- 
tized guinea pigs, no index greater than 5 was 


recorded, whereas, in the Brucella-infected 
guinea pigs indexes of more than 30 were 
rather common and indexes of more than 50 
not unusual; in one instance, an index of more 
than 100 was recorded. On the other hand, 
the degree of sensitivity met with in the 
infected guinea pigs varied considerably from 
one individual to another, even within groups 
of animals infected on the same day and 
with material from one source. Thus, for one 
batch, the indexes of the reactions, as produced 
by the undiluted product, varied from 0 to 
about 30, for another batch from 5 to about 70, 
and for a third, from about 35 to 120. Like- 
wise, in the case of one batch, the minimum 
concentration capable of producing a signifi- 
cant reaction varied from that of the undiluted 
product to that of the 1:32 dilution. 

As a means of exact standardization, this 
procedure would be imperfect. However, it 
appeared from the experiments that, between 
some of the batches, there were significant 
differences in potency. 

In addition, it was evident that on filtration 
of PEBA through a Seitz E.-K. filter a con- 
siderable part of its active principle was re- 
tained. For it was found that a batch which, 
unfiltered, yielded reactions with indexes 
ranging from 34 to 120, after filtration, pro- 
duced no reactions with indexes of more 
than 20. 

However, the whole question of standardiza- 
tion of PEBA would, of course, be much more 
easily settled if some analytic chemical test 
would serve as a basis for an evaluation of its 
allergic potency. As a preliminary approach 
to the problem along such a line, determina- 
tions were made of the content of tyrosin? in 
the batches that had already been titrated bio- 
logically. No definite parallel between the 
content of tyrosin and the allergic potency 
could be demonstrated (see table 3). Pos- 
sibly, this discrepancy implies that the allergic 
activity of PEBA is not entirely a function 
exerted by compounds of protein nature. Un- 
til more knowledge of the chemical properties 
of PEBA is obtained, the in vivo titration 
will undoubtedly be the most suitable method 
for its standardization. As a standard 
strength we have, for the time being, adopted 
the double of the strength in which it is just 
capable of inducing significant skin reactions 
in sensitized guinea pigs. 

Intradermal Tests with PEBA in Cattle.— 
Besides the trials on small animals, intrader- 
mal tests with PEBA have been completed in 
a number of herds of cattle. Although a con- 
siderable amount of work has already been 
done, the information obtained so far is not 


tFor the tyrosin analyses we are indebted to 
Professor Dr. Henrik Dam, and Mr. J. Glavind, 
civil engineer, of the Department of Biological 
Chemistry of the Technical High School of Den- 


mark. 
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TABLE 3—The Allergic Potency of PEBA as Evaluated on Sensitized 
Guinea Pigs, Compared with the Tyrosin Content 
Batch Index of reaction in the dilutions indicated Mg. tyrosin 
No. G.p. No. 1:1 1:2 1:4 1:8 1:16 1:32 per 100 ce. 
1 S24 29 10 = 1 5 _ 2.6 
14 11 
830 7 3 
850 - - 1.13 
831 5 2 
842 1* 4 
6 846 6 2 _ - _ _ 1.43 
828 73 14 - 
811 one _ _ 
7 819 15 16 1.5 
838 23 25 20 - 
$32 15 - - - 
832 7 3 2 ‘os oa 
1 843 19 12 2 —_ = 2.6 
$24 59 50 18 14 10 10 
823 8 5 -- — 
829 47 18 s -- 
821 54 14 - 
8 828 47 9 2.18 
819 120 20 15 1 1 _ 
815 3 20 10 4 5 2 
a 812 18 6 3 1.25 
Seitz 849 11 -- 
EK-filter) 811 20 10 3 
1 919 24 -- -- - 2.6 
918 12 ae 
910 2 7 2 
912 31 9 7 -— 
2 901 $2 16 _— _ ~ - 1.25 
905 38 2 - = 
3 904 23 7 0.85 
928 9 3 3 
926 10 - — 
5 927 2% 2 - 1.73 
925 21 _ 
922 32 4 2 4 _ _ 
9394 
« 940+ 
8 9414+ 4 
942+ 4 
943+ 
62+ 5 
3 
2 
65+ 
66+ 3 
+ = received 2 cc. PEBA i.p. (batch No. 7) 6 weeks previously: + = untreated guinea pigs; — in- 


dicates no visible or palpable swelling. 


The tests in the sensitized guinea pigs were made in 3 series, batch 1 being included in each series 
for comparison 


10 H. E. OTTOSEN AND N. PLUM 


Am. J. VET. REs. 


sufficient to justify any definite conclusions 
regarding the serviceability of PEBA as a 
diagnostic means in brucellosis in cattle. In 
the present report, no details will be given 
about these experiments. 

One fact is worth noting, namely, the find- 
ing that, in herds known to be definitely free 
from Brucella infections, no animal developed 
more than a 1.0 to 1.5 mm. increase of the skin 
thickness after intradermal injection of 
0.1 cc. of PEBA. In Brucella-infected herds, 
on the other hand, distinctive reactions oc- 
curred regularly; a 6 to 7 mm. increase of 
skin thickness was frequently encountered, 
and, in some cases, even a 12 to 13 mm. in- 
crease has been recorded, as well as a number 
of weak or doubtful reactions. 

The results of the intradermal tests and 
those of the agglutination tests did not agree 
perfectly, a number of skin reactors being 
negative to the agglutination test, and vice 
versa. Considering the fact that different 
forms of serologic tests do not always give 
identical results, this disagreement is by no 
means surprising. 


DISCUSSION 


Early in 1948, we became acquainted with 
a paper by Live and Stubbs,‘ in which it 
was stated that the authors had succeeded 
in preparing a nonagglutinogenic allergic 
skin-test material for diagnosis of brucel- 
losis. The method of preparation employed 
by these workers is a modification of that 
devised by Krasov,? and is based on essen- 
tially the same principle as the method con- 
trived by us, i.e., hydrolysis by treatment 
with acid. The difference between our re- 
spective methods is chiefly represented by 
the initial treatment of the Brucella cells 
with alcohol and ether which is prescribed 
in the method of Live and Stubbs, as well 
as in that of Krasov. 

However, Live and Stubbs found that, in 
Brucella-infected herds, there was consid- 
erable discrepancy between the results ob- 
tained by intracutaneous tests with the Bru- 
cella hydrolysate (B.H.) and the results of 
the agglutination tests. The main feature 
of this discrepancy was a shortage of skin 
reactors. As, moreover, the animals posi- 
tive to the agglutination test and negative 
to the skin test were chiefly those showing 
high blood titers, the authors took a rather 
pessimistic view of the possibilities of B.H. 
in the practical diagnosis of brucellosis. 

The information we have gathered from 
our field experiments with PEBA, up to 


this time, is by no means as depressing as 
the findings of Live and Stubbs. The num- 
ber of reactors we found through intrader- 
mal tests in Brucella-infected herds was 
more than equal to the number of blood re- 
actors. Our chief concern is the question of 
the real significance of a positive skin re- 
action, in other words, what is the relation 
between the skin sensitivity and the stage 
of the infection. 

We hope to be able to contribute to the 
solution of this problem through future 
work, consisting of studies on the skin 
sensitivity of cattle after experimental in- 
fection with Br. abortus and continued field 
studies. 


SUMMARY 


A. purified extract of Brucella abortus 
(PEBA) was prepared as follows: Suspend- 
ed in a one-twentieth normal solution of 
HC! in a 0.9 per cent NaCl solution (pH 1.3 
te 1.5) the Brucella cells were heated to 100 
C. for forty minutes. After cooling, the pH 
was raised to about 7.5 and the cells sedi- 
mentated in a centrifuge. From the cell- 
free extract, a precipitate was formed by 
adjusting the pH at 4.5. This was separated 
from the fluid part and, after a washing, 
redissolved at pH 7.5. The solution thus 
obtained formed the final product. 

Injected intravenously, 1-cc. doses of the 
product did not give rise to formation of 
agglutinins or complement-fixing antibodies 
in rabbits. Injected intradermally, 0.05-cc. 
doses elicited conspicuous allergic reactions 
in Brucella-infected guinea pigs, but prac- 
tically no reactions in normal guinea pigs, 
or in guinea pigs previously exposed to 
PEBA. 

The findings on guinea pigs have largely 
been confirmed on preliminary field experi- 
ments with cattle. 

Though not giving quite consistent re- 
sults, titration on sensitized guinea pigs 
has been adopted as a basis for standardiza- 
tion of the potency of PEBA. 

Very little is yet known about the chem- 
ical properties of PEBA though, it can be 
gathered that it is an amphoteric compound; 
and, further, it has been found to contain 
tyrosin. Since no parallel could be demon- 
strated between the tyrosin content and the 
allergic potency, the active principle is pos- 
sibly not entirely of protein nature. 
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Pathogenicity of Corynebacterium Renale for Rabbits 


E. S. FEENSTRA, D.V.M., Ph.D., FRANK THORP, JR., D.V.M., Ph.D., 
and M. L. GRAY, B.S. ‘ 


East Lansing, Michigan 


THE ADVANTAGES of using small laboratory 
animals in the study of the diseases of large 
animals are well known. This is particularly 
true if a similar disease process is evinced 
by the laboratory animals. Previous to 
1946, laboratory animals were considered to 
be refractory to infection by Corynebac- 
terium renale. 

Enderlen' reported typical renal lesions 
eight and eleven days after intravenous in- 
oculation of an organism isolated from a 
case of bovine pyelonephritis into 2 rabbits 
with ligated ureters. This was confirmed by 
Doll.2, Jones and Little* reported negative 
results after using white mice, guinea pigs, 
and rabbits. Lovell,* and Lovell and Cotchin® 
describe experimental pyelonephritis in 
mice which resulted from the intravenous 
inoculation of 20 million organisms. The 
results after intravenous inoculation of 60 
million organisms into guinea pigs and rab- 
bits were much less satisfactory. They also 
describe the results of inoculation of C. 
renale onto the chorioallantoic membrane of 
9-day-old chicken embryos. 

The pathogenicity of C. renale for the 
rabbit was discovered in this laboratory 
while attempting to produce immune serums 
in rabbits for several colonial phase variants 
of C. renale. Nine of the 21 rabbits started 
on immune serum production died. Experi- 
ments were then designed to study the 
pathogenesis of experimental pyelonephritis 
in rabbits. 


MATERIALS AND METHODS 


Fifteen rabbits (about 2 kg. each) were 
each inoculated intravenously with approxi- 
mately four billion microédrganisms. The cul- 
ture from a cow with a typical case of pyelone- 
phritis was chosen for inoculation; it satis- 
fied all morphologic, cultural, and biochemical 
requirements for C. renale (Bergey*) and had 
proved pathogenic for several rabbits. The 
first 10 rabbits were necropsied one-half hour, 


Published with the permission of the Director of 
the Experiment Station as Journal Article 973 
(N. 8.). 

From the Animal Pathology Section, Michigan 
Agricultural Experiment Station, East Lansing. 
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one, two, three, four, five, six, seven, nine, and 
eleven days after inoculation. The remaining 
5 were allowed to live for eighteen to nineteen 
days in order to determine the mortality which 
prevailed under the conditions of the experi- 
ment (1 died at eight days). Blood samples 
were taken on alternate days to allow deter- 
mination of any changes in hemoglobin levels 
(Conco-Sheard-Sanford photelometer, Hoffman 
method’), numbers of leucocytes, and differ- 
ential leucocyte counts (100 cells counted on 
each slide; Wright stain). In most cases, the 
heart blood, lungs, liver, spleen, kidney, sternal 
bone marrow, and urine were cultured on 
tryptose agar (Difco). Tissue smears of lung, 
liver, spleen, kidney, urine, and bone marrow 
were made and stained with Gram stain. Gross 
pathologic changes were recorded. For micro- 
scopic study, specimens of the lung, liver, 
spleen, kidney, ureters, and urinary bladder 
were fixed in Zenker’s fluid; paraffin sections 
were prepared and stained with hematoxylin 
and eosin and by the Gram-Weigert method for 
staining bacteria in sections. 

After the first experiment was completed, 
another was designed to investigate more thor- 
oughly the happenings of the first four days. 
Eight rabbits (series A) were used; 1 was 
killed as a normal control at the time the 
other 7 were inoculated and necropsied at the 
rate of 2 each at the end of one day, two 
days, and three days, and 1 at the end of four 
days. The techniques and procedures were 
similar to those employed in the first experi- 
ment. 

Almost without exception, the livers ex- 
hibited lesions of coccidiosis. These lesions 
were recorded but will not be referred to in 
the individual case reports. This condition 
may explain the high initial leucocyte counts 
obtained in some cases, especially in the series 
A rabbits. 

Occasionally, the lesicns reported in the 
gross examination were missed in sectioning 
the tissue. However, sufficient lesions were 
found to allow adequate descriptions of the 
microscopic changes. 


RESULTS 


The results of the study of the tissue 
smears so nearly paralleled the results of 
the culture work that they will not be fur- 
ther reported. Selected case reports of in- 
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Fig. |—Cross section of kidney from rabbit 4A which was necropsied on the second day after inocula- 
tion. No lesions are evident. Most of the pelvic mucosa was lost from the specimen. Gram-Weigert stain. 


Fig. 2—Cross section of kidney from rabbit 6A which was necropsied three days after inoculation. A 
slight amount of papillary necrosis is evident. Figures 5 and 6 show this lesion in more detail. Hema- 
toxylin and eosin stain. 
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dividual rabbits follow. Data from all the 
rabbits are entered in tables 1 and 2. 


CASE 1 


Rabbit 1 was necropsied one-half hour 
after inoculation. Organisms were cultured 
from the heart blood, liver, lung, and kid- 
ney. No gross lesions were found. 

Microscopic Findings.—Diphtheroids* 
were found in the larger blood vessels of 
the liver and lung. The section of the lung 
showed congestion. slight serous exudation, 
and in the alveolar capillaries were many 
heterophils, some of which appeared to con- 
tain diphtheroids. 

Time* _Hb** WBCt M L H B E 

0 13.3 2 4 

% hr. 13.3 8,850 2 73 24 1 0O 


*Time — Interval after inoculation; 0 being just 
prior to inoculation. 

**Hb Hemoglobin in Gm./100 ce. blood. 

*+WBC = Leucocytes per cubic mm. 

M = Monocytes, percentage. L Lympho- 
cytes, percentage. H = Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B = Baso- 
phils, percentage. > Eosinophils, 
percentage. 


CASE 2 

Rabbit 2 was necropsied one day after 
inoculation. Organisms were cultured from 
the liver and kidney. No visible lesions 
were present except a possible enlargement 
of the spleen. 

Microscopic Findings.—The spleen was 
congested. 


Time Hb WBC M L H B E. 
0 13.9 10,900 1 72 24 3 0 
1 day 11.8 8800 3 46 49 2 0 


*Time = Interval after inoculation; 0 being just 
prior to inoculation. 

**Hb = Hemoglobin in Gm./100 cc. blood. 

*+WRBC = Leucocytes per cubic mm. 

M = Monocytes, percentage. L = Lympho- 
cytes, percentage. H = Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B = Baso- 
phils, percentage. EK = Eosinophils, 
percentage. 


CASE 3 

Rabbit 3 was necropsied two days after 
inoculation. No organisms were cultured. 
The spleen appeared slightly swollen. 

Microscopic Findings.—A slight conges- 
tion of the spleen, excess mucus in the pul- 
monary bronchi, and one focus (250 
diam.) in the outer medulla of the kidney 


*Diphtheroid, referring to Corynebacterium, is 
used throughout the manuscript by the authors 
rather than either the genus or species name to 
draw attention to the relationship of C. renale to 
C. diphtheriae. 


consisting of heterophils in and around the 
thick limbs of Henle’s loops were the only 
apparent lesions. 


Time Hb WBC M L H B E 
0 10.1 8,900 1 79 18 2 0 
2 days 9.0 4,650 5 63 30 2 O 
~ Time = Interval after inoculation; 0 being just 

prior to inoculation. 
**Hb = Hemoglobin in Gm./100 cc. blood. 
+WBC = Leucocytes per cubic mm. 


= Monocytes, percentage. L Lympho- 


cytes, percentage. H Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B Baso- 


phils, percentage. >} Eosinophils. 


percentage. 
CASE 4 


Rabbit 4 was necropsied three days after 
inoculation. Organisms were cultured from 
the kidney and urine. The spleen seemed 
slightly enlarged. The kidneys were con- 
gested and there were several long, slender, 
radiating (toward the cortex) abscesses in 
the medulla. 

Microscopic Findings.—The liver was 
somewhat foamy in appearance. There were 
several foci (0.5 to 1 mm. in diam.) in the 
renal medulla consisting mainly of hetero- 
phils and necrotic tissue debris. There were 
also many small lesions in the medulla which 
appeared to be the beginnings of the pre- 
viously mentioned foci consisting of hetero- 
phils in capillaries and tubules (mainly 
thick limbs and collecting tubules) and con- 
gestion of the capillaries in the area. There 
were erythrocytes, heterophils, and tissue 
debris in the pelvis. The parts of the tips 
of the papillae found in the stained sections 
showed slight necrosis. 


Time Hb WBC M L H BE 

0 11.4 8,550 1 73 24 1 1 
2 days 9.5 8,200 6 60 28 6 0 
3 days 10.8 15,900 5 57 37 1 O 


*Time = Interval after inoculation; 0 being just 
prior to inoculation 
**Hb = Hemoglobin in Gm./100 ce. blood. 
*+WBC = Leucocytes per cubic mm 
M Monocytes, percentage. L 


Lympho- 


cytes, percentage. H Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B = Baso- 
phils, percentage. E = Eosinophils, 


percentage. 
CASE 5 


Rabbit 5 was necropsied four days after 
inoculation. Organisms were cultured from 
the kidney, urine, and heart blood. The kid- 
neys were swollen and congested. There was 
papillary necrosis with radiating lesions 
extending through the medulla toward the 
cortex. The urine was blood-tinged. 

Microscopic Findings.—The spleen exhib- 
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Fig. 3—Cross section of kidney from rabbit 8A which was necropsied four days after inoculation. 
Papillary necrosis and erosion, and the extension of the zone of heterophils toward the cortex are 
evident. Gram-Weigert stain. 


Fig. 4—Cross section of kidney from a rabbit with a chronic form of pyelonephritis. This rabbit had 
received a series of ten weekly inoculations. Pyelitis and papillitis are evident. Figures 7 and 8 show 
some of these changes in greater detail. Hematoxylin and eosin stain. 
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ited an increase in heterophils and much 
phagocytosis of blood pigment. The ureters 
were enlarged, the epithelium was necrotic 
and desquamated; hyaline bodies were pres- 
ent in the lamina propria; and the lumens 
were filled with erythrocytes, heterophils, 
fibrin, diphtheroids, and tissue debris. All 
the structures in the renal papillae in an 
area about 1 mm. thick were necrotic. 
Masses of bacteria were present in what 
had been tubules and capillaries. Hetero- 
phils were scattered throughout the lesion 
and appeared to contain diphtheroids. Sev- 
eral collecting tubules and capillaries in the 
inner medulla were filled with heterophils 
and cellular debris. There was a necrotic 
focus in the pelvic mucosa with the pres- 
ence of serofibrinous exudate, congestion, 
hemorrhage, and heterophils. There was a 
slight amount of cloudy swelling of the 
proximal convoluted tubules. 


Time Hb WBC M L H B E 
0 11.8 5,300 1 69 30 0 0 
2 days 10.1 6600 5 55 32 8 O 
4 days 11.8 25,500 13 39 41 7 O 
i *Time Interval after inoculation; 0 being just 
prior to inoculation 
**Hb Hemoglobin in Gm./100 ce. blood 
‘WRC Leucocytes per cubic mm 
M Monocytes, percentage L Lympho- 
cytes, percentage. H Heterophils 
(polymorphonuclear leucocytes or pseu- 


doeosinophils), percentage. B Baso- 
phils, percentage. » Eosinophils, 
percentage. 

CASE 6 

Rabbit 6 was necropsied five days after 
inoculation. This animal, a pregnant fe- 
male, died shortly before necropsy. Organ- 
isms were cultured from the liver, lung, 
spleen, heart blood, bone marrow, kidney, 
placenta, fetal fluid, and fetus. The lung 
showed a few hemorrhages. The spleen was 
slightly enlarged. The kidneys were much 
swollen and congested. The kidney pelves 
were enlarged and filled with bloody fluid. 
The papillae were necrotic with radiating 
abscesses in the medulla. There were also 
several subcapsular abscesses. The ureters 
were enlarged. 

Microscopic Findings.—There were vacu- 
oles in the hepatic cells in the central part 
of the lobules suggestive of fatty degenera- 
tion. The lungs were slightly congested. 
The spleen was congested, and there was 
phagocytosis of erythrocytes and blood pig- 
ment. The ureters were distended with 
blood, tissue debris, and bacteria. Much of 
the ureteral epithelium was necrotic, and 
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the lamina propria was infiltrated with 
heterophils. The renal papillae were eroded. 
Large masses of bacteria and cellular debris 
were observed in the collecting tubules in 
the medulla around the necrotic area. The 
pelvic epithelium was necrotic and the peri- 
pelvic connective tissue contained erythro- 
cytes, fluid, fibrin, and heterophils. Some 
proximal convoluted tubules showed a slight 
amount of cloudy swelling. 


Time Hb WBC M L H B 
0 12.9 5,350 2 58 30 8 2 
2 days 10.8 5,400 7 45 47 1 0 
4 days 9.8 11,050 18 34 47 1 0 
*Time = Interval after inoculation; 0 being just 


prior to inoculation. 
**Hb — Hemoglobin in Gm./100 ce. blood. 
*+WBC = Leucocytes per cubic mm. 

M = Monocytes, percentage lL. = Lympho- 
cytes, percentage. H Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B Baso- 
phils, percentage E Eosinophils, 
percentage. 


CASE 8 


Rabbit 8 was necropsied seven days after 
inoculation. This animal had appeared ill 
for several days and was moribund. Or- 
ganisms were cultured from the kidney. The 
spleen appeared slightly enlarged. The kid- 
neys were much enlarged, exhibiting papil- 
lary necrosis with purulent material in the 
pelves, and cortical and subcapsular ab- 
scesses. The ureters were enlarged and con- 
gested. The bladder was filled with bloody 
urine. 

Microscopic Findings.—The liver cells 
showed cloudy swelling and there were 
vacuoles indicating central fatty degenera- 
tion. The pulmonary alveolar walls were 
thickened by an increase of heterophils and 
erythrocytes. The spleen was congested and 
showed some phagocytosis of blood pigment. 
The urinary bladder epithelium appeared 
slightly degenerated and the lumen con- 
tained bacteria and tissue debris. The 
ureters were enlarged and the epithelium 
was necrotic; bacteria and tissue debris 
were found in the lumens. An abscess (1 
by 1.5 mm.) in the renal medulla near the 
papillary tip contained heterophils and tis- 
sue debris with bacteria on the border. 
There was a zone of necrosis along the tip 
of the renal papilla about 0.25 mm. to 1.5 
mm. in thickness surrounded by a zone of 
congestion and inflammatory cells. Several 
cortical abscesses were present, and some 
of the convoluted tubules exhibited the char- 
acteristics of cloudy swelling. Diphtheroids 
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Fig. 5—From the section shown in fig. 2. Tip of the papilla with masses of bacteria and collecting 
tubules are evident. Gram-Weigert stain. 


Fig. 6—From the section shown in fig. 5. Bacteria, necrotic debris. heterophils and collecting tubules. 
Gram-Weigert stain. 
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and heterophils were scattered through the 
tissue debris in the pelvis. The pelvic mu- 
cosa was necrotic and the peripelvic tissue 
contained a serofibrinous exudate, hetero- 
phils, lymphocytes, mononuclear phagocytes, 
and active fibroblasts. Several areas (5 to 
10 mm. diam.) of tubular degeneration and 
hemorrhage in the cortices and medullae 
appeared to be hemorrhagic infarcts. 


Time Hb WBC M L H B E 

0 12.9 6,850 0 87 12 1 0 
2 days 11.8 7,400 0 36 3618 @ 
4 days 11.8 10,450 7 50 2814 1 
6 days 11.8 15,600 21 32 45 2 0 
7 days 10.0 14,450 25 23 49 3 0 


*Time = Interval after inoculation; 0 being just 
prior to inoculation. 
**Hb = Hemoglobin in Gm./100 ce, blood. 
IWRC Leucocytes per cubic mm. 

M = Monocytes, percentage. IL. Lympho- 
cytes, percentage. H - Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B Baso- 
phils, percentage. > = Eosinophils. 
percentage. 


CASE 13 

Rabbit 13 was necropsied eighteen days 
after inoculation. Organisms were cultured 
from the kidney and the urine. The carcass 
was in poor condition. The kidneys were 
slightly enlarged and exhibited white cor- 
tical lesions, medullary abscesses, papillary 
erosion, pyelitis, and an accumulation of 
purulent fluid in the pelves. 

Microscopic Findings.—The renal cor- 
tices exhibited an increase in interstitial 
connective tissue, areas of dilatation and of 
constriction, and also atrophy and degenera- 
tion of some of the tubules. One medulla 
contained an abscess characterized by tissue 
debris, heterophils, and mononuclear phago- 
cytes. Several small foci similar to the 
above abscess were also present. There was 
dilatation of the papillary ducts and slight 
papillary erosion; the dominant inflamma- 


Time Hb WBC M L H B E 

0 12.9 8.400 0 80 16 3 1 
2 days 11.8 10,150 3 49 3414 0O 
4 days 12.9 13,750 4 40 44 9 3 
6 days 13.3 18,750 2 43 45 9 1 
9 days 13.7 16,550 10 44 42 4 0O 
11 days 14.2 24.100 4 47 46 3 0 
14 days & O 
18 days 14.8 19,650 1 52 35 9 38 


*Time = Interval after inoculation; 0 being just 
prior to inoculation 
**Hb = Hemoglobin in Gm./100 ec. blood 
+WBC = Leucocytes per cubic mm 
M = Monocytes, percentage. I. Lympho- 


cytes, percentage. H Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B = Baso- 


phils, percentage. E Eosinophils, 


percentage. 


tory cell being the mononuclear phagocyte. 
There was much necrosis of the pelvic mu- 
cosa. The pelvis contained tissue debris and 
bacteria, and in the peripelvic tissue hetero- 
phils, lymphocytes, mononuclear phagocytes, 
and proliferating fibroblasts were present. 
CASE 17 

Rabbit 2A was necropsied one day after 
inoculation. Organisms were cultured from 
the liver, spleen, kidney, and urine. The 
spleen appeared swollen and dark; the other 
organs appeared normal. 

Microscopic Findings.—There was an in- 
crease in heterophils and congestion of the 
lung and spleen. The epithelium of the tips 
of the renal papillae appeared slightly de- 
generated. 


Time Hb WBC M L H B 
0 12.9 11,300 0 78 20 2 0O 
1 day 13.3 8,750 0 45 51 4 O 
*Time = Interval after inoculation; 0 being just 


prior to inoculation 
**Hb Hemoglobin in Gm./100 ce, blood 


‘WBC Leucocytes per cubic mm 
M Monocytes, percentage lL, Lympho- 
cytes, percentage H Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B = Baso- 


phils, percentage Eosinophils, 


percentage. 

CASE 20 

Rabbit 5A was necropsied two days after 
inoculation. Organisms were cultured from 
the kidney. All organs appeared normal ex- 
cept one small white focus in the cortico- 
medullary region of one kidney. 

Microscopic Findings.—The lung was 
congested, many heterophils were present, 
and bacteria were present in one of the 
larger blood vessels. The spleen was con- 
gested. Both renal medullae contained small 
abscesses (200 » diam.) characterized by 
heterophils, tissue debris, and local conges- 
tion. 


Time Hb WBC M L H B E 
0 12.3 12,500 2 71 23 2 2 
1 day 11.4 13,050 1 62 35 2 0 
2 days 10.3 12,100 1 49 46 4 0 
*Time = Interval after inoculation; 0 being just 


prior to inoculation. 
**Hb Hemoglobin in Gm./100 ce. blood. 


‘WBC Leucocytes per cubic mm 
M Monocytes, percentage lL, Lympho- 
cytes, percentage. H Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B saso- 
phils, percentage. E Eosinophils, 
percentage. 


CASE 21 
Rabbit 6A was necropsied three days 
after inoculation. Organisms were cultured 
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Fig. 7—From the section shown in fig. 4. Papillitis with necrosis and formation of calculi is evident. 
Hematoxylin and eosin stain. 


Fig. 8—From the section shown in fig. 7. Calculi formation is shown in greater detail. Hematoxylin 
and eosin stain. 
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from the spleen, kidney, and urine. The 
kidneys were of normal size but exhibited 
white foci in the cortices and medullae, 
medullary congestion, and a necrotic focus 
on the tip of each renal papila. 

Microscopic Findings.—The lung con- 
tained an increased number of heterophils. 
The spleen was congested and showed in- 
creased phagocytosis of blood pigment. 
There were foci in the urinary bladder mu- 
cosa which likely represented early lesions. 
These were characterized by some desqua- 
mation and cavitation of the epithelium, 
hyaline bodies in some epithelial cells, con- 
gestion of the mucosa, and infiltration with 
serous fluid, fibrin, and heterophils. In the 
section of the right kidney, there was a 
focus at the tip of the papilla characterized 
by necrosis, masses of bacteria, congestion, 
and infiltration by heterophils. Also present 
in the medulla were several small foci char- 
acterized by heterophils in the tubules and 
congestion. 


Time Hb WBC M L H B E 
0 12.9 13,350 1 60 31 8 0O 
1 day 12.9 15,850 2 22 69 7 0O 
2 days 11.1 11,100 7 52 35 6 O 
3 days 11.4 16,150 0 52 42 5 1 
*Time = Interval after inoculation; 0 being just 
prior to inoculation. 
**Hb = Hemoglobin in Gm./100 cc. blood. 
*+WBC = Leucocytes per cubic mm. 

M = Monocytes, percentage. L Lympho- 
cytes, percentage. H Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B = Baso- 
phils, percentage. 1 Dy Eosinophils, 


percentage. 


CASE 23 

Rabbit 8A was necropsied four days after 
inoculation. Organisms were cultured from 
the liver, heart blood, kidney, and urine. 
The spleen appeared slightly enlarged. In 
the heart was a small red nodule on the base 
of the aortic valve and a small (1 mm. 
by 2 mm.) thrombus attached to the base 
of the left atrioventricular valves. The kid- 
neys were of average size and exhibited a 
necrotic area on the tip of each renal papilla. 
The ureters appeared very slightly con- 
gested. 

Microscopic Findings.—The lung showed 
slight congestion and edema. The bladder 
epithelium appeared slightly degenerated. 
The ureteral epithelium appeared degen- 
erated and the lumen contained blood and 
bacteria. The lesions in the renal papillae 
and medullae were similar to those in rabbit 
6A only much more extensive. The pelvic 
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epithelium showed degenerative changes 
where it contacted the papillary lesion. 
There was a slight infiltration of fibrin into 
the peripelvic tissue in these places. 


Time Hb WBC M L H B E 

0 12.3 10,950 0 71 25 4 O 
1 day 12.3 11,000 1 45 51 3 O 
2 days 10.5 13.850 0 36 56 7 1 
3 days 10.4 12,600 0 73 23 4 O 
4 days 11.8 20,750 


*Time — Interval after inoculation; 0 being just 
prior to inoculation 
**Hb Hemoglobin in Gm./100 ec. blood. 


‘WBC Leucocytes per cubic mm 
M Monocytes, percentage. L Lympho- 
cytes, percentage. H Heterophils 
(polymorphonuclear leucocytes or pseu- 
doeosinophils), percentage. B - Baso- 
phils, percentage E = Eosinophils, 


percentage. 


DISCUSSION 

The lesions of experimental pyelonephritis 
in the rabbit are very similar to those found 
in spontaneous cases of pyelonephritis in 
cattle as described originally by Ernst* and 
later by others (Jones and Little,” Thorp, 
et al.°) The lesions are also similar to 
those found in experimental pyelonephritis 
in mice by Lovell and Cotchin.° 

The fact that the condition in the rabbit 
was produced by intravenous injection of 
C. renale should not be considered as evi- 
dence that the spontaneous disease in cattle 
is of hematogenic origin. The weight of 
evidence in the case of the cow would indi- 
cate that it is an ascending type of infec- 
tion which may gain entrance by means of 
vulvar or urethral contamination (Jones 
and Little,? Feenstra, Clark, and Thorp!'). 
Eisendrath and Schultz'* have demon- 
strated experimentally in rabbits and dogs 
the presence of an anastomosing network 
of lymphatics in the wall of the bladder and 
of the ureter which communicates above 
with a similar lymphatic network in the 
renal pelvis and parenchyma and belew with 
the lymphatics of the pelvic structures in 
both the male and female. They suggest 
that this is the route of an ascending in- 
fection of the urinary tract. 

This report should not be taken as im- 
plying that only C. renale causes lesions of 
pyelonephritis in the rabbit. Dudgeon and 
Goadby!* reported that a suppurative pye- 
lonephritis followed the intravenous inocu- 
lation of Staphylococcus aureus into rabbits. 

The fate of the organisms from the time 
of injection until the beginning of lesion 
formation in the kidney is of interest. The 
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Fig. 9—Pyelitis and papillitis with erosion of necrotic tissue and bacteria in the necrotic debris. Gram- 
Weigert stain. 


Fig. 10—Focus of heterophils in and between collecting tubules in the medulla of rabbit 5. Hematox- 
ylin and eosin stain. 
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data in table 1 would indicate that, in gen- 
eral, the organisms were found initially in 
the lung, spleen, and liver and later in the 
kidney and urine. The interval between 
necropsies was too great to obtain a more 
accurate picture of the route of the organ- 


TABLE I—Summary of Kidney Lesions and Culture 


Results 
Kidney 
Rabbit Time lesions Culture* 
1 % hr. ~- + hbl, lv, |, kd 
2 1 day - + lv, kd 
2 days + 
4 4 days + + kd, ur 
5 4 days + + hol, kd, ur 
G** ) days + + hbl, kd, spl, bm, |, fetus 
7 § + + hd, ur 
7 days + kd 
9 9 days + + kd, ur 
10 11 days + + kd, ur 
11 17 days + + kd, ur 
12 17 days + os 
13 18 days oa + kd, ur 
14 18 days + + kd, ur 
15** 8 days + + kd, ur 
1A 0 
2A 1 day -- + spl, lv, kd, ur 
3A 1 day + spl 
4A 2 Gays 
5A 2 days + + kd 
6A 3 days + + spl, kd, ur 
iA 3 days “+ + kad, ur 
SA 4 days + hbl, Iv, kd, ur 
*Cultures: 1 = lung, lv = liver, bm = bone mar- 
row, spl = spleen, kd = kidney, ur = urinary blad- 
der, hbl = heart blood. 
**Died 


*Moribund 


isms through the animal body. A study of 
the results of intravenous inoculation of 
other organisms by various workers may 
cast more light on the process. Bull! 
showed that virulent streptococci and pneu- 
mococci tended to disappear from the circu- 
lating blood of rabbits in two to four hours 
and to reappear at five to six hours and, 
eventually, to cause death. Less virulent 
organisms may not reappear or may cause 
a chronic infection. Bartlett and Ozaki! 
reported that Micrococcus aureus injected 
into the left ventricle of dogs was almost 
immediately stored in the lung capillaries, 
being at first chiefly extracellular and then 
rapidly ingested by heterophils (polymor- 
phonuclear leucocytes). Shortly after in- 
jection, the microzocci increased in number 
in the liver and spleen as they decreased in 
number in the lung. The bacteria complete- 
ly disappeared from these organs within 
forty-eight to seventy-two hours. The mi- 
crococci did not primarily lodge in the kid- 
ney in any considerable numbers, but were 
secondarily deposited there after a period 
of adaptation elsewhere (micrococci were 
found in the kidney at sixteen hours but 
not at eight hours). Their location here 
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was probably not embolic. Hopkins and 
Parker'*® showed that injected hemolytic 
streptococci tended to disappear from the 
blood in about two hours and to reappear 
in increasing numbers after four and on2- 
half hours. In cats and rabbits, the organ- 
isms withdrawn from the circulation were 
found mainly in the lung, spleen, and kid- 
ney. Nagao!’ injected killed nonhemo-yti- 
streptococci into guinea pigs and oserved 
that the organisms accumulated almost im- 
mediately in the lung capillaries inside 
heterophils and later in the reticulo-endo- 
thelial cells of the liver and spleen. Dud- 
geon and Goadby!* reported that intra- 
venously injected Staph. aureus organisms 
were held in the lungs where they were ac- 
tively phagocytosed by the heterophils with- 
in five minutes. Subsequently, the staphylo- 
cocci were distributed to the other organs 
such as the liver and spleen and to the kid- 
ney. It may be concluded from study of 
these results that, in general, the ba:teria 
travel first to the lung and later are release:l 
to be picked up by the liver and sple:n and 
later may be found in the kidney. 

The mechanism of infection in the kidney 
is of special interest. Lovell and Cotchin® 
have made observations on this prozess in 
the mouse kidney. They first saw the or- 
ganisms in clumps in the capillaries between 
the collecting tubules near the apex o* tie 
papilla. This was accompanied by loca’ 
dilatation of capillaries with an accumu’a- 
tion of heterophils which later passed 
through the normal or nezrotic epithe ium 
of the collecting tubules into their lum2n3. 
Small abscesses developed in the papil a 
often just under the visceral pelvic epithe- 
lium. Pus was found in the rena! pelvis as 
early as thirty hours. Necrosis of the papilla 
extended toward the cortex. Large clumps 
of gram-positive bacteria were seen in the 
necrotic material with a zone of heterophils 
at the extending edge of the necrotiz area. 
Heterophils were also found in strea’:s up 
the medulla toward and into the cortex. The 
renal pelvis was dilated with purulent ma- 
terial. The relvic mucosa showed acut2 in- 
flammatory changes with abscess and ulcer 
formation. The pathogenesis of exp2ri- 
mental pyelonephritis in the rabbit, as re- 
ported in this paper, was essentia!'ly similar 
to that described in the case of the mouse. 
The earliest change in the kidney was the 
accumulation of heterophils in the capil- 
laries and collecting tubules with conges- 
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Fig. 11—Collecting tubule showing hyaline bodies in the cytoplasm of the cells. Taken from rabbit 
12. Gram-Weigert stain. 
j 
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Fig. 12—Ureter from rabbit 6 showing necrosis of the mucosa, infiltration by heterophils, edema, and 
fibrin. The lumen contains bacteria, cellular debris, fibrin, and heterophils. Gram-Weigert stain. 
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tion in the papillary region. Bacteria may 
have been present in these heterophils but 
they could not be clearly identified. Follow- 
ing this, at three and four days after in- 
oculation, necrosis and erosion of the papil- 
la were found. Masses of bacteria were seen 
in the remains of capillaries and tubules, 
and in the debris in the pelvis as has been 
noted in the study of bovine pyelonephritis 
(Feenstra and Thorp'®). Heterophils were 
numerous in and around the necrotic lesion. 
The heterophils appeared, in many cases, to 
contain bacteria but the granularity of the 
cells and faint staining quality of any bac- 
teria inside them interfered with precise 
observations. Streaks of heterophils were 
found in the medulla extending toward the 
cortex. At this stage (about 4 days), the 
pelvic mucosa appeared necrotic and the 
peripelvic tissues contained serous fluid, 
fibrin, erythrocytes, and heterophils. 
Lymphocytes appeared on about the sixth 
day and mononuclear phagocytes and active 
fibroblasts appeared on the seventh day. 
These latter three cells increased in number 
as time passed while the hetrophiis de- 
creased in number but never disappeared 
entirely. Later (17 and 18 days), changes 
in the cortex such as an increase in inter- 
stitial connective tissue, dilatation and con- 
striction of tubules, and accumulation of 
lymphocytes were found. In these more 
chronic cases, the papillary erosion seemed 
to be progressing very slowly, if at all, but 
the pyelitis appeared to be increasing in 
severity. Necrosis and inflammatory 
changes resembling the pyelitis to a great 
extent were found in the ureters shortly 
after the appearance of the pyelitis. 

As may be expected in animal experi- 
mentation, there were individual variations 
in reaction to inoculation and the reaction 
in series A was slightly different from the 
other group. For this reason, mice could 
be used to advantage because there is less 
care and expense connected with the use 
of greater numbers. 

As may be seen in table 2, there was a 
slight initial drop in the hemoglobin values 
followed by an increase. This could be due 
to the fact that during the first week after 
noculation the function of the bone marrow 
vas concerned mainly with production of 
rranular leucocytes and thereby the pro- 
duction of erythrocytes was hampered. 

In both series of rabbits, it was on the 
fourth day that the blood leucocyte count 
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showed a marked increase. The slight initial 
drop in the numbers of leucocytes is likely 
due to the fact that many of them are tem- 
porarily lodged in the pulmonary capillaries 
and in other organs. 


TABLE 2—Averages of Hematologic Results 
No.** 

Days* Anim. Hbt WBCt M§ L H B ] 
0 15 12.6 7,893 0.8 72. 23.3 3.5 0.4 
2 13 11.0 7,927 4.5 56.2 31.7 7.56 0.1 
11 11.3 15,585 9.2 49.0 32.8 8.5 
6 9 12.2 14,872 7.8 45. 40. 6.4 0.8 
9 6 12.7 21,366 6.3 48.7 41. 3.8 6.2 

11 5 12.7 18,610 6.2 47.6 41.2 5. 00 
14 4 13.0 19,662 8.3 45. 37. 9. 0.: 
17 2 14.3 13,575 9.0 37. 49. 4. 1.0 
18 2 13.2 17,100 5.0 49. 34. 10. 24 
0 s 12.4 12,512 1.1 72.6 22.5 3.4 0.4 
1 7 12.3 13,050 0.7 47.3 48. 4. 0.0 
2 5 11.0 12,630 2.0 51.8 39.8 6. 0.4 
3 3 10.8 13,016 0.7 65 30.3 4. 0.: 
4 1 11.8 20,750 . 

*Days after inoculation. 

**Number of animals in the group under con- 


sideration at that time. 
+Hemoglobin in grams per 100 ec. of blood, 
tLeucocytes per cubic mm. 
§Per cent of monocytes, lymphocytes, heterophils, 
basophils and eosinophils. 


As might be expected, there was an in- 
crease in the percentage of heterophils in 
the blood and a decrease in the percentage 
of lymphocytes. In the case of the hetero- 
phils, immature forms were often seen as 
the percentage increased but were not re- 
corded as such because of the difficulty in 
precise identification of these forms due to 
the brilliantly red-staining granules pres- 
ent. There was an increase in the per- 
centage of monocytes. Less expected, and- 
not easily explainable, was the increase in 
percentage of basophils. The main difficulty 
is that little or nothing is known of the 
function of the basophil. There was not a 
significant change in the percentage of 
eosinophils. 


SUMMARY 


The pathogenesis of experimental pye- 
lonephritis in rabbits produced by intra- 
venous inoculation of Corynebacterium re- 
nale has been described and discussed. Most 
inoculated rabbits showed kidney lesions 
and several died. The lesions in the kidney 
consisted of a papillitis and pyelitis char- 
acterized by necrosis and acute inflamma- 
tory changes early in the course and by 
chronic inflammatory changes later in the 
course of the infection. Bacteria were pres- 
ent mainly in the necrotic debris of the 
lesions and in the pelvis. 

The lesions in the rabbit kidney were 
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similar to those found in pyelonephritis in 
the cow. The fact that the experimental 
pyelonephritis was of hematogenic origin in 
no way negates the generally accepted 
theory of an ascending infection in the cow. 

The rabbit may be used, advantageously, 
in the study of pyelonephritis and also in 


the study of pathogenic properties of 
C. renale. 
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Fermentation Ability of Ingesta from Normal and Atonic 
Bovine Rumens 


ERNEST C. STONE, M.S., D.V.M. 
Pullman, Washington 


THE PROBLEMS relative to the functions of 
the rumen have received considerable atten- 
tion.'.4.5.9.12.17 These problems are of great 
importance with respect to the economic as- 
pects of nutrition,'*.'"° disturbance of func- 
tion resulting in lowered production or 
death of the animal,® and in the use of drugs 
which alter the function of the rumen.® 
The biologic activity taking place in the 
rumen is an important aspect of ruminant 


Total time of 
fermentation _ 


(in hr.) » 6 
1 66 38 54 68 70 2 
2 106 70 90 110 1 90 
3 130 96 110 136 138 114 12 
' 150 112 126 162 164 134 144 
b 


nutrition.'".!!.15.18 Volatile fatty acids pro- 
duced from cellulose by rumen bacteria and 
protozoa are a significant source of energy 
for the host.3.*.!4.15 A substantial portion 
of the volatile acids are absorbed by the 
rumen.*:5 

The normal functioning of the rumen is 
altered by many factors, e.g., bloat,?° in- 
fectious conditions, and engorgement. In 
all cases of disturbed function, the host suf- 
fers not only from the primary pathology 
but also from the resultant disturbance of 
rumen function. Therapy directed toward 
correction of rumen inactivity may not pro- 
duce satisfactory results soe long as the pri- 
mary cause of the inactivity is operating. 
Conversely, if the primary cause of the in- 
activity is eliminated, it does not follow 
that the animal will quickly return to a 
normal state of function. Alterations in the 
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fermentation process, interference with ab- 
sorption, accumulation of toxic products, 
and altered environment of the flora and 
fauna of the rumen may delay recovery. 
Although a considerable amount of re- 
search effort has been directed toward gain- 
ing information relative to normal rumen 
activity, information relative to the funda- 
mental changes in the fermentation process 
during periods of rumen inactivity is lim- 


TABLE |—Gas Production of Normal Rumen Contents (in Vitro), Values Expressed in cc. 


Sample No. 


70 80 54 44 70 100 ( 46 64 

114 124 92 78 110 164 130 86 «100 

138 152 106 104 136 206 166 116 124 

160 178 138 120 154 250 202 142 14s 

170 190 148 130 174 270 220 106 

180 204 158 140 186 86 238 170 170 
150 198 300 254 12 lsu 
158 208 312 270 192 


ited. This paper reports the results ob- 
tained in an attempt to measure the diTer- 
ence in fermentation ability of ingesta ob- 
tained from normal and atonic rumens. 


PROCEDURE 


Volatile acidity was determined by steam 
distillation of 25 cc. of fiuid rumen ingesta. 
The ingesta was obtained directly from the 
rumen by inserting a large metal cannula and 
pipette through a fistulous opening. Imme- 
diately after collection of the sample, suffi- 
cient one normal H.SO, was added to acidify 
the sample to pH 1 to 2; it was then steam 
distilled until all volatile acids were removed. 

Gas production during fermentation was 
measured by displacement of water. The sam- 
ples fermented consisted of 100 cc. of fluid 
ingesta and 50 cc. of semisolid ingesta. The 
fermentation flasks were immersed in a con- 
stant-temperature water bath held at rumen 
temperature (38 to 39 C.). 

Two experimental animals having perma- 
nent rumen fistulas were used: an 800-lb. 
Jersey, 4 years old, and a 1,000-lb. Holstein- 
Friesian, 6 years old, both nonpregnant and 
nonlactating. These animals were fed hay 
and grain with water available at all times. 
In addition to these 2 animals, samples were 
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TABLE 2—-Gas Production of Atonic-Rumen Contents 
(in Vitro), Values Expressed in cc. 


(in hr.) 


Sample No. 


Total time of 
fermentation 


1 2 3b 3d 4 7 
lle 0 20 «634 64 2 6 2 9 
2 12 3 38 28 54 100 4 6 6 7 12 
16 4s 70) «124 8 4 16 
4 20 4% 9 148 6 6 6 20 
£0 
6 96 170 9 28 
7 104 180 10 34 
12 104 
1. 110 
14 112 
112 114 9 
16 118 118 
17 120 120 
18 122 6 
19 124 25 
20 14 126 
21 16% 16 
22 17 146 16 70 126 
25 152 246 
24 78 134 


Sample 1 from Holstein-Friesian nurse cow, op- 
erated for removal of foreign body. 

Sample 2 from Guernsey cow, operated for re- 
moval of foreign body. 

Sample 3a Jersey experimental cow, nine hr, 
after introduction of experimental foreign body. 

Sample 3b Jersey experimental cow, thirteen hr. 
after introduction of experimental foreign body. 

Sample 3c Jersey experimental cow, twenty-six 
hr. after introduction of experimental foreign body. 

Sample 3d Jersey experimental cow, twenty-two 
hr. after removal of experimental foreign body. 

Sample 4 Guernsey cow, operated for removal of 
foreign body. 

Sample 5 Guernsey cow, operated for removal of 
foreign body. 

Sample 6 Shorthorn bull, operated for removal 
of foreign body. 


taken from cattle undergoing surgery for re- 
moval of foreign bodies. A brief description 
of each case is included in table 2. 

Experimental traumatic reticulitis in the 
rumen fistula cows was induced to decrease 
rumen motility... A wire approximately 3 in. 
long, with a point at one end and a loop at the 
other was quickly forced through the wall of 
the reticulum into the peritoneal cavity in a 
direction away from the diaphragm. 

The use of drugs to produce atony of the 
rumen was tried. Prolonged use of atropine 
and histamine caused undesirable systemic re- 
actions. This approach to the problem of pro- 
ducing extended periods of atony proved 
valueless. As an aid to the diagnosis and 
prognosis of induced and clinical cases of trau- 
matic reticulitis, the Schilling hemogram was 
used (table 6). 


DISCUSSION 


Representative samples illustrating the 
fermentation ability of normal rumen in- 
gesta are shown in table 1. Gas production 
of incubated ingesta is most rapid during 
the first few hours, and the ability to pro- 
duce appreciable quantities of gas is lost 
after twenty-four hours. The ability of in- 
gesta from an atonic rumen to produce gas 
is greatly reduced (table 2). This reduc- 
tion is probably influenced by many factors, 


Sample 7 Holstein-Friesian experimental cow 
after forty-eight hr. fast. 

Sample 8 Jersey experimental cow after forty- 
eight hr. fast. 
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Graph |—Gas production ef normal and atonic rumen contents. 
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, length of time the rumen has been inac- 
tive, diet, cause of the inactivity, and length 
of time since the animal has eaten. Sam- 
ples of ingesta from animals in which ex- 
perimental traumatic reticulitis has been 
produced, yielded less gas than normal in- 
gesta. The activity of the rumen during 
this experiment was studied by means of a 


VOLATILE ACIDITY Coe. VON BASE SAMPLE) 


+ + + 

TIME IN HOURS 

Graph 2—Volatile acid content of rumen ingesta in 
vivo and in vitro. 


rumen plug and a kymograph recording ap- 


paratus. Inspection of the tracings revealed 
that there were periods of partial activity 
during the course of the experiment. Gas 
production of ingesta and rumen motility 
decreased during fasting. Gas production 
of normal ingesta and that of ingesta from 
atonic rumens are compared in graph 1. 
The volatile acidity of incybated rumen 
ingesta increases in a fairly uniform man- 
ner (table 3). The volatile acidity of sam- 
ples taken at intervals from the normally 
functioning rumen varies considerably 
(table 4). Time of feeding is an important 
factor in this variation. The experimental 
cows were fed at 7:00 a.m. and sampled at 
hourly intervals thereafter. The volatile 
acidity of rumen ingesta decreases to a low 
level during fasting and is low in clinical 
cases involving atony of the rumen (table 
A comparison of volatile acidity during 
flask fermentation with samples obtained 
from the rumen is illustrated in graph 2. 


NORMAL AND ATONIC BOVINE RUMENS 


SUMMARY AND CONCLUSIONS 


1) The ability of ingesta from inactive 
rumina to produce gas is less than that of 
ingesta from active rumens. 

2) The volatile acidity of ingesta from 
normally functioning rumens varies at in- 
tervals throughout the day. 

3) The volatile acidity of ingesta from 
atonic rumens is subnormal. 

4) During fasting the volatile acidity 
of rumen ingesta decreases. ° 
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Field Studies on Bovine Venereal Trichomoniasis 
Effects on Herds and Efficacy of Certain Practices 
in Control 


DAVID E. BARTLETT, D.V.M., and GERARD DIKMANS, D.V.M., Ph.D. 
Beltsville, 


THE RESEARCH program on bovine venereal 
trichomoniasis being carried out by the 
Zodlogical Division of the Bureau of Animal 
Industry at the Agricultural Research Cen- 
ter, Beltsville, Md., has, since 1943, included 
correlated field studies in several commer- 
cial herds in which Trichomonas foetus 
was determined to be responsible for serious 
difficulties encountered in the breeding pro- 
grams. 

From two of these infected herds, detailed 
records of the reproductive performances 
of the females prior to diagnosis of tricho- 
moniasis and subsequent to institution of 
certain remedial measures have been 'ob- 
tained. Through careful analysis of these 
records a comprehensive picture .of the ef- 
fect of bovine venereal trichomoniasis upon 
reproductive efficiency has also been ob- 
tained. 

In the first few infected herds investi- 
gated, practices based upon principles 
gleaned through earlier research were in- 
stituted on an experimental basis in an 
effort to eliminate systematically the infec- 
tion from the breeding females. These herds 
were kept under supervision in order to ob- 
serve the efficacy of the practices. Because 
they were found effective, a specific hygienic 
breeding program was evolved, designed to 
eliminate bovine venereal trichomoniasis 
from the females in infected herds. This 
program was then instituted in several 
other infected herds and the results ob- 
served. 


This study was made at the Zodélogicail Division, 
Bureau of Animal Industry, Agricultural Research 
Administration, Agricultural Research Center, Belts- 
ville, Md. Dr. Bartlett is now at the School of 
Veterinary Medicine, University of Minnesota, St. 
Paul. 

Most of the infected herds involved in these 
studies were located through the courtesy and codp- 
eration of Dr. Leo J. Poelma of the Livestock Sani- 
tary Service, University of Maryland, College Park, 
Md. The work reported herein was carried out 
coéperatively by the Zodélogical Division and the 
V@rious herd owners and their employees, with the 
assistance of several veterinary practitioners. Their 
contributions are gratefully acknowledged. 

The technical assistance of Keith G. Teeter in 
arranging and analyzing the data which appear in 
figures 1 and 2 is acknowledged. 


Maryland 


METHODS, MATERIALS, EXPERIMENTAL 
PROCEDURES 


In all, < trichomonad-infected herds have 
been obs« ved; in nine of these herds, prac- 
tices int ided to eliminate bovine venereal 
trichomo .asis were instituted. Details rela- 
tive to the first two herds observed are pre- 
sented in the following protocols. The hygienic 
breeding program presented later in this pa- 
per was crystallized and organized on the 
basis of the experiences gained and routines 
established while observing these first two 
herds. In the other seven herds, the routines 
of the hygienic breeding program were fol- 
lowed. 

Figures 1 and 2 are detailed analyses, shown 
graphically, of significant factors relative to 
the reproductive performance of breeding 
females in herds A and B, respectively. Some 
minor modifications were necessary, for the 
purposes of this paper, of the usual scales de- 
signed to measure reproductive efficiency from 
the commercial viewpoint, in which par is con- 
sidered a normal pregnancy for each twelve 
months. ' 

The percentages of normal and abnormal 
reproduction .by months were obtained through 
reviewing, by, days, the records of each indi- 
vidual female involved, allocating the animal’s 
respective daily contribution into normal or 
abnormal categories, and then calculating the 
number of animal-days, normal and abnormal, 
in a given month. Then, the percentages of 
normal and abnormal reproduction per month 
were ascertained. Days of normal reproduc- 
tion were those on which a female was occu- 
pied by a normal pregnancy or resting post- 
partum to the time of first coitus. Abnormal 
reproduction was charged on all other unpro- 
ductive days. Pregnancies terminating in 
abortions or stillbirths at term were classed 
as abnormal, and abnormal days were charged 
to the first subsequent coitus. Pregnancies 
terminating in dystocia with death of calves 
were classed, for the purpose of these analyses, 
as normal reproduction. 

The vertical bar graphs revealed compari- 
sons by years of certain other salient compo- 
nent factors, as indicated on the figures, that 
“+ directly pertinent to the reproductive pic- 
ure. 
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PROTOCOL FoR HERD A 


History.—Herd A consisted of approximate- 
ly 65 grade Holstein-Friesian females and 2 
purebred bulls of the same breed. This dairy 
herd had been established for more than 
twenty years, and most of its females were 
home-raised replacements. Purebred bulls 
had been periodically obtained from outside 
sources. 

In September, 1943, when this herd was 
first visited, the manager complained that, de- 
spite frequently repeated services over many 
months, the majority of females were still re- 
turning to heat; furthermore, that “non-breed- 
ing” had necessitated the sale of more than 25 
unprofitable cows during the preceding twelve 
months. On questioning, the only unusual col- 
lateral occurrences recalled were the occa- 
sional discharge of some pus from 1 female 
and the abortion of a mouse-sized developing 
calf by another. 

Procedure.—Examination of preputial sam- 
ples of 1 bull (266) revealed T. foetus; sev- 
eral females previously served by this bull 
were also found infected. Consequently, this 
bull was withdrawn from service. No tricho- 
monads were found at this time in the prepu- 
tial samples of the other bull (261). 

All breeding operations were immediately 
stopped as soon as a herd diagnosis of tricio- 
moniasis had been established. The history 
of each female was obtained and each was 
examined per rectum in order to ascertain the 
status of its genital system. All pertinent in- 
formation was recorded on individual cards. 
Pregnant females were allowed to continue 
their gestations, and breeding of nonpregnant, 
potentially infected females was withheld for 
sixty to ninety days subsequent to their last 
exposure. 

In this herd, the primary objective was milk 
production; calves were incidental, most being 
slaughtered for veal. Therefore, as prevailing 
conditions made artificial insemination unfea- 
sible, it was decided to use a cheap, tricho- 
monad-free, grade bull of beef type whose only 
purpose was to initiate pregnancies in all the 
potentially infected females. This accom- 
plished, the bull was to be sent to slaughter; 
however, it was intended that should the ani- 
mal become infected, »yrompt replacement with 
another uninfected bull would be made. 
Actually, this “sacrifice bull” did not become 
infected and its objective was accomplished 
with reasonable success. Bull 261, thought 
uninfected, was to be allowed coitus with 
virgin heifers and with cows, unexposed since 
parturition, that had rested ninety days and 
passed two estrums. This proved to be an 
error because several additional females be- 
came infected as a result of its service, and 
the bull was found to be infected in January, 
1944.’ Thereafter another bull, uninfected, was 


obtained for coitus with virgin heifers and 
cows when they had completed normal preg- 
nancies and fulfilled the necessary postpartum 
rest requirements. 

Outcome.—Examination of figure 1 reveals 
clearly the relative levels of reproductive effi- 
ciency in herd A during the ten-year period 
shown. The sharp drop in reproductive per- 
formance subsequent to introduction of the 
disease and the definite improvement in the 
reproductive performance of the herd subse- 
quent te diagnosis and institution of remedial 
measures are obvious. Had the second in- 
fected bull not inadvertently been allowed to 
continue in service for several months, the 
rise in reproductive efficiency would probably 
have been more rapid. 

The comparison, by years, of specific major 
occurrences pertinent to the reproductive 
processes furnishes additional indication of 
trends during this period. The large number 
of females necessarily added each year during 
the period of infection and the large number 
of females separated because they became un- 
profitable, being not pregnant at the termina- 
tion of lactation despite repeated services, are 
highly significant. 

The relative number of normal calvings 
(lactations initiated) per year, compared with 
the number of breeding females in the herd, is 
equally significant in measuring the herd’s 
efficiency. 

Comparison of the total number of services 
occurring from year to year evinces the in- 
creased need for services during the period of 
infection. It is apparent in this herd that a 
directly related secondary cause of lowered 
reproductive efficiency was produced during 
the period of infection; namely, exhaustion 
of the bulls from too frequent use. 

Direct comparison by years of numbers of 
services with numbers of recognizable preg- 
nancies initiated shows clearly the increased 
ratio during the period of infection. 

Variation in the lag between first coitus and 
initiation of a recognizable pregnancy or last 
coitus before disposal is perhaps the most di- 
rectly intelligible factor for comparison. The 
effect upon over-all herd efficiency can be 
readily understood on considering the fact 
that during 1942 and 1943, an average period 
of seven to almost eight months (3 months 
postpartum rest plus 4 to almost 5 months of 
infertility) per cow elapsed before initiation 
of pregnancy or disposal. And, in 1943, the 
number of females eventually separated be- 
cause they were unprofitable was almost half 
of those that were served. Prompt reduction 
of number of replacements necessary is evi- 
dent. 


PROTOCOL FOR HERD B 


History.—Herd B consisted of approxi- 
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mately 50 purebred Aberdeen Angus females, 
25 cows that were pregnant and 25 heifers 
that were not pregnant, when this beef herd 
was assembled during 1942. Three purebred 
bulls of the same breed completed this herd, 
i. e., an aged bull obtained from another herd 
and 2 young bulls that had served only a few 
times in herd B. During 1942 and 1943, subse- 
quent to their calvings, the cows were served 
by the aged bull and, beginning in 1943, this 
bull was used for service of the heifers; in a 
few instances services were by one of the 
young bulls. 

In November, 1943, when this herd was first 
visited, the manager complained that despite 
frequent, repeated services over several 
months the majority of females were not preg- 
nant. No instance of abortion or genital dis- 
charge had been noted. 

Procedure —Examination of preputial sam- 
ples from the bulls revealed T. foetus in the 
aged bull and in 1 of the young bulls. Exam- 
ination of vaginal samples of several selected 
females, served previously by these 2 bulls, 
revealed trichomonads. Both infected bulls 
were withdrawn from service. 

All breeding operations were stopped as 
soon as a herd diagnosis of trichomoniasis had 
been established. The history of each female 
was obtained, and each was examined per 
rectum in order to ascertain the status of its 
genital system. All pertinent information was 
recorded on individual cards. Pregnant fe- 
males were allowed to continue their gesta- 
tions, and breeding of nonpregnant, pcetentially 
infected females was withheld fcr sixty days 
subsequent to their latest exposure. 

In this herd, the only object was production 
of purebred calves to be raised, fitted, and 
sold as breeding stock. Practice of artificial 


sources of semen, was the only way in which 
a profitable breeding program cculd be contin- 
ued. In this way, the valuable. uninfected 
bulls would be protected from the disease, and 
desirable calves might be obtained fro 

potentially infetted females. For practical 
reasons, it was planned to breed all females. 
regardless of their probable infective status, 
by artificial insemination. This procedure was 
earried out rather inefficiently for ome year 
during which 24 of the 30 potentially infected 
females became pregnant. The remaining 6 
nonpregnant females were then allowed un- 
restricted coitus with an uninf i ball 

a’! became pregnant 
from infection. 
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Figure 2 reveals a picture similar in its 
essentials to that of figure 1. Since herd B 
was created by assembling mostly virgin 
heifers and pregnant heifers and cows, the 
index used for the purpose of this paper indi- 
cates a very high level of reproductive effi- 
ciency at the time when breeding was begun. 
The ensuing rapid fall of this level is apparent. 
Subsequent to the diagnosis of trichomoniasis 
and the institution of remedial measures, the 
rise in the index during the following years is 
equally apparent. This initial rise might 
have been more rapid had the artificial insem- 
ination program been more actively carried 
out. For the year and a half subsequent to 
resumption of natural breeding, the herd’s 
reproductive efficiency was excellent. There- 
after, a marked decline occurred from unde- 
termined causes, but, on repeated examina- 
tions, T. foetus were not found. 


RESULTS 


The effects of uncontrolled bovine vene- 
real trichomoniasis upon reproduction in 
herds A and B are shown clearly in figures 
1 and 2, respectively. 

The efficacy of the measures instituted to 
eliminate the disease in these two herds, 
and the consequent increases in reproduc- 
tive efficiency, are evinced by: (a) the alter- 
ation of the general index used, (b) the 
relative increases in calf crops, (c) the 
closing of the conception ratio, (d) the de- 
crease in average intervals between first 
coitus and initiation of successful pregnan- 
cies, and' (e) continued freedom from in- 
fection of uninfected bulls subsequent to 
restoration of natural breeding practices. 

Although observations are not yet com- 
pleted in all the other seven herds and com- 
prehensive analyses will not be made, in six 
of these herds trichomoniasis has not re- 
appeared, and trends indicating similarly 
effective results are evident. In one herd, 
trichomoniasis was again found two years 
subsequent to installation of the breeding 
program. In this herd, full coéperation was 
not obtained, and exact instructions were 
not followed. 

Review of the happenings following in- 
stitution of the hygienic breeding program 
revealed three possible explanations of the 
reappearance of infection: (1) The breed- 
ing records indicated at least five instances 
of females being permitted coitus while 
classed as potentially infected. These fe- 
males, pregnant as result of coitions with 
an infected bull, were permitted coitus dur- 
ing their second or third postpartum 


a 

insemination, using new uninfected bulls as 
Outcome.—Figure 2 makes clea the effect 1 
upon the reproductive efficiency in this herd 3 
of the measures instituted No new infec- ; 
tions were found at repeated examinations 4 
subsequent te imstitution of the remedial 4 
measures described above 3 
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PERCENT OF NORMAL 

AND ABNORMAL 
REPRODUCTION 
BY MONTHS 
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Vv 
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(1) NuMBER OF 
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(2) NuMBER OF 
RECOGNIZABLE PRECNAN- 
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ATION OF RECOGNIZABLE 
PREGNANCY OR TO LAST 
COITUS BEFORE DIsPos-| 2 
AL OF FEMALE 


SS 
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1941, 1942 | 1943 | 1944 | 1945 | 1946 


Fig. 2—Five year summary of reproduction in herd B. 


months. (2) The aged bull, found infected 
at the time of the second outbreak, was in- 
troduced into the herd without prior deter- 
mination of its status. (3) Approximately 
six months following the reappearance of 
infection in the experimental herd, a neigh- 
boring herd was found infected with tricho- 
moniasis. Questioning at that time revealed 


its infected herd sire to have broken into a 
pasture containing females of the experi- 
mental herd and to have spent therein at 
least one unobserved day. This occurred ap- 
proximately three months prior to the sud- 
den resumption of breeding difficulties in 
the experimental herd. It appears most prob- 
able that reappearance of trichomoniasis 
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was the result either of failure té carry out 
the program or of re-introduction of infec- 
tion, most probably the latter, rather than 
the result of a “leak” in the program itself. 


DISCUSSION 


A survey of the literature on bovine 
venereal trichomoniasis reveals a number 
of schemes advanced and recommended for 
handling infected herds. Some recommended 
division of females into infected and un- 
infected groups—without accompanying 
instructions describing precisely how this 
might be accomplished—and treatment of 
infected females—without submitting evi- 
dence of effectiveness of the treatments. 
Thereafter, it was usually recommended 
that all females be bred by uninfected bulls 
without telling precisely how to determine 
the status of an individual bull. Other plans 
recommended slaughter of ail bulls present 
in an infected herd and resorting to arti- 
insemination—without how 
long the latter practice would be necessary. 
Another scheme was designed to minimize 
the effects of trichomoniasis by restricting 
services of infected bulls to previously i 
fected females, thus taking advantage of 
the relative state of active resistamce exist- 
ing in most females subsequent to infection. 
This scheme was applied with considerable 
success but has distinct disadvantages in 
that: (1) A constantly dangerous reservoir 
of infection remains in the herd. and (2 
the maintenance of two distinct breeding 
units is necessary. No schemes have been 
recommended with assurance that their ap- 
plication would eliminate T. foetus and that 
ultimately unrestricted breeding practices 
might be resumed. No adequate supportive 
data were submitted to indicate the effec- 
tiveness of any of the recommended 
schemes. 

Trichomoniasis, because of it 
transmission, affects groups of 
sequently, measures designed to stop 
ravages must be undertaken on a herd basis. 
The primary corrective principles are ob- 
vious: (1) Infected bulls must not be al- 
lowed to infect additional breeding females: 
and (2) infected females must not be al- 
lowed to infect additional bulls. 

The sevondary principles, 
through previous researches,’ are: (1) T. 
foetus infection in females follows a definite 
pattern and is self-limiting. (2) Cows that 


have (a) produced a normal full t 


ficial stating 


established 
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b) rested not less than ninety days post- 
partum, and (c) passed at least two estrums 
since parturition, may for practical pur- 
poses be considered free from infection and 
served by uninfected bulls on the third or 
subsequent postpartum estrum. (3) Non- 
venereal transmission of trichomoniasis un- 
der natural conditions is very rare; isola- 
tion of infected females is not essential in 
control of the disease. 

Application of these principles in an in- 
fected herd requires that: (1) The status 
of each bull which has participated in the 
breeding operations be properly determined 
by an effective diagnostic procedure,? and 
(2) that each breeding female be properly 
classified as to its potential infectivity as 
determined by competent study of its repro- 
ductive history. Since it is impossible by 
any practical diagnostic technique to estab- 
lish the status of individual exposed females 
as unquestionably negative, with the excep- 
tion of those recently exposed as virgins, it 
is fortunate that the course of infection in 
females follows a general pattern and that 
self-cure ultimately occurs.! Cognizance of 
this pattern, together with knowledge of 
the individual female’s breeding history and 
knowledge of the status of its reproductive 
system as determined by individual physical 
examination, permits a rational classifica- 
tion into noninfected and infected or poten- 
tially infected categories. 

Based upon the preceding, the systematic 
hygienic breeding program shown diagram- 
matically in figure 3 has been developed. 
This program has been applied experi- 
mentally in limited field tests and was found 
to be an effective procedure. When rigidly 
followed, it has resulted in trichomonad- 
free herds and has made possible return 
to ordinary breeding practices in all fe- 
males after approximately eighteen months. 

It is believed that this program is work- 
able, practicable, and sufficiently flexible so 
that it can be applied under any system of 
cattle husbandry where breeding can be 
controlled. If infected bulls are recognized 
and withdrawn from service, and the hy- 
gienic breeding program is rigidly, dili- 
gently, and intelligently applied, T. foetus 
ean be eradicated from infected herds of 
cattle. 

Originality is not claimed for all this pro- 
gram, as certain ideas and principles estab- 
lished by others have been freely drawn 
upon. It is a new manner of presentation, 
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intended to simplify the necessary pro- Group II—Pregnant cows whose 
cedures and establish a routine for handling pregnancies were initiated by coitus 
infected herds. with an uninfected bull and that 
have not had coitus with a tricho- 

THE HYGIENIC BREEDING PROGRAM monad-infected bull since comple- 
Taka tion of their last normal pregnancy. 

When bovine venereal trichomoniasis is 


suspected as the cause of impaired repro- Group I1I—Nonpregnant cows that 


have not had coitus with a tricho- 


duction, all breeding operations should be monad-infected bull subsequent to 
discontinued immediately pending examina- recent completion of a normal preg- 
tion for T. foetus.2* Finding T. foetus in nancy initiated by coitus with an 
the genital exudate of any individual (bull uninfected bull. 

or breeding female) that has participated 

in the breeding operation of a herd estab- B) Infected or Potentially Infected Females 
lishes a herd diagnosis of trichomoniasis. A Group IV. Nonpregnant heifers that 
positive diagnosis established, the hygienic have had coitus with a tricho- 
breeding program should be instituted and monad-infected bull, and nonpreg- 
rigidly followed. Each of the following nant cows that have had coitus with 
steps must be methodically carried out: a trichomonad-infected bull since 
1) Prepare individual cards (fig. 4) record- completion of their last pregnancy. 
ing all pertinent history available for each Group V—Pregnant heifers and cows 
female involved. whose pregnancies were initiated 
2) Examine the internal genitalia of each by coitus with a trichomonad-in- 
female per rectum and record the findings. fected bull or by coitus with an un- 
Females found with conditions not related to infected bull subsequent to recent 
trichomoniasis should be appropriately han- coitus with a trichomonad-infected 
dled. bull. 


3) Study the completed record cards and 
allocate each female into its proper group in 
accordance with the available facts as follows: 


A) Uninfected Females. 
Group I—Heifers or cows that have 
never had coitus with a _ tricho- 


Group VI—Nonpregnant cows that 
have not had coitus subsequent to 
recent completion of a normal preg- 
nancy initiated by coitus with a 
trichomonad-infected bull. 


monad-infected bull. The groups properly established, members are 
DOE'S DAIRY 
Cow No. 27 ‘Data of Birth, Jan. 10, 1939 
Heats Services Calvings Examinations 
Date ‘Date Bull Date 
8/29/47 8/29/41 
9/30/41 “9/30/41 X 
0/21/41 10/21/41 x 
11/20 2 11 20/42 $/25 8/27 43 ‘Retained placenta— removed 
9/19/44 9/19/44 A 7/29/45 
10/ 3/4 3/45 3/8/46 Examined by Dr. Pyometr: | 
showed 7. foetus. Treated with stilbesterol | 


Fig. 4—Sample individual female breeding history and current record card. 
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similarly, but individually, handled at such 
times as action is appropriate. 


4) Eliminate when indicated such unprofit- 
able animals that obviously cannot become 
profitable again. 


5. Resume ordinary breeding practices of 
group I, group II, and group III females, per- 
mitting coitus with uninfected bulls or in- 
seminating artificially with semen from known 
uninfected bulls. 


6) Treat group IV females found to have 
pyometra: Enucleate the corpus luteum, if 
possible, and administer an estrogen, thus 
encouraging evacuation and involution of the 
uterus and resumption of the estrual cycle. 
Rest, post treatment, thirty to sixty days. 
Rest other nonpregnant group IV females at 
least sixty to ninety days subsequent to their 
latest exposure. Breed group IV females in 
accordance with the plan best suited to cir- 
circumstances peculiar to the infected herd 
concerned. 


Plan A—Inseminate artificially with semen 
from an uninfected bull. This is the pro- 
cedure of choice whenever feasible because 
the possibility of further venereal trans- 
mission of infection is immediately 
stopped. 


Plan B—Coitus with an uninfected “sacri- 
fice bull.” Circumstances in some herds 
may make artificial insemination imprac- 
tical. Particularly if the calves are con- 
sidered of little importance or are to be 
vealed, use of an uninfected, grade, beef- 
type bull of little value, as a “cow set- 
tler” may be advantageous. This “sacri- 
fice bull” is sent to slaughter as soon as 
all group IV females are known to be 
pregnant. When this plan is followed, 
post exposure rest should be maximum. 
There is an element of gamble in this plan 
as the “sacrifice bull” may become in- 
fected; however, if the females are given 
a maximum amount of rest the oppor- 
tunity for infecting the bull is held to a 
minimum. Should infection of the bull 
occur and be undetected, the consequences 
would be no more serious than if plan C 
is followed. If infection should be recog- 
nized, prompt slaughter and subsequent 
eplacement of the bull are indicated. 


Plan C—Coitus with a trichomonad-infected 
bull. This plan is not recommended. In 
exceptional conditions, however, when an 
infected bull of extraordinary value is 


concerned and a few additional calves are 
desired at any cost, this plan may be fol- 
lowed. A dangerous reservoir of infec- 
tion is maintained and additional females 
will probably become infected; other un- 
infected females may be accidentally 
infected. 


7) Reéxamine group V females frequently 
during their gestations to be certain that de- 
velopment of the conceptus proceeds normally, 
and that if pyometra develops or abortion 
occurs, these untoward changes will be quickly 
recognized. Should the pregnancy be inter- 
rupted, the fernale must be transferred to and 
treated as a group IV female. 


8) Rest postpartum, each female in groups 
IV, V, VI not less than ninety days and allow 
to pass two estrums before permitting coitus 
with an uninfected bull at the third or subse- 
quent estrum. 


SUMMARY 


1) Records of reproduction from two 
herds are presented and analyzed (1) while 
bovine venereal trichomoniasis was present, 
(2) after certain remedial measures were 
instituted on an experimental basis, and (3) 
subsequently, when the infection had been 
eliminated. 

2) A specific hygienic breeding program 
designed to systematically eliminate bovine 
venereal trichomoniasis is presented. 


3) Of nine infected herds in which rem- 
edial measures were instituted, eight herds 
appear free from trichomoniasis. The one 
failure could have been the result of im- 
proper carrying out of the prescribed pro- 
cedures or re-introduction of new infection 
from a neighboring herd. 
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Panting in Cattle—A Sequel to Foot-and-Mouth Disease 


I. Experimental Observations and Pathology 
F. C. MINETT, M.R.C.V.S. 


Izatnagar, India 


A GENERAL account of the condition known 
as “panting” in cattle, as it is seen in India, 
is presented in another paper. There, it is 
pointed out, by reference to literature, that 
panting, although at its worst in hot coun- 
tries, has been recognized in many tem- 
perate climates. There is no record of its 
occurrence in the United States or Austra- 
lia, countries which are free from foot-and- 
mouth disease. Panting represents a more 
or less permanent failure of the heat-regu- 
lating mechanism, in consequence of which 
dyspnea, often sufficient to cause distress, is 
one of the most prominent symptoms. Af- 
fected cattle also develop a long, rough coat, 
seek the shade, and lie down in pools of 
water. Cattle of European blood lines living 
in tropical countries are by far the worst 
sufferers. 


LITERATURE 


With regard to the pathaqlogy of the condi- 
tion, Nai* described lesions in the pituitary 
glands of ‘hairy cows’ (hypertrichosis follow- 
ing foot-and-mouth disease). These consisted 
of multiple foci of lymphoid cells, mainly in 
the anterior lobe, and were regarded as spe- 
cific; hence, a point to be considered in the 
pathogenesis of the condition is the known 
cutaneous trophism of pituitary hormones. In 
a later article, however, Nai’® states that the 
lesions in the pituitary were found in cattle 
after foot-and-mouth disease, whether af- 
fected with hypertrichosis or not. Similar 
lesions were present in the adrenal and pan- 
creas. 


EXPERIMENTAL 


With the coéperation of the director of mili- 
tary farms and of the director of Veterinary 
Services in India, a number of typical panters 
and control cows were placed at our disposal 
for detailed examination. This involved (a) 
clinical study, including observations on body 
temperature, respiration and pulse rates, body 
weight and measurements, water intake, ex- 
amination of the blood; (b) biochemical esti- 
mations of certain blood and urine constitu- 
ents; (c) postmortem examination; and (d) 


From the Indian Veterinary Kesearch Institute, 
Izatnagar, India 

Thanks are due to Mr. K. Govind Rao, Mr. J. M 
lall, and Mr. K. C. Sinha for technical assistance. 


chemotherapy. The complete study, however, 
was nct carried out in the case of every animal 
in the experimental group. 


TABLE !—Body Weights of Experimental Animals 
Recorded Before First Watering and Feeding 


of the Day 
Period of Body weight (1b.) 
observation Before 
Cow (months) Range Mean death 
1 10% 768- 876 810 812 
2 12% 724- 896 802 760 
23 668- 864 752 668 
4 13 970-1116 1061 970 
5 23 744- 888 832 812 
13 6 544- 684 614 544 
6 13 992-1120 1055 992 
11 20 948-1108 1030 980 
10 20 854-1088" 937 1088 
*Excluding pregnant period. 
Series 1.—Seven panters and 3 controls 
I 


were available during 1942 and 1943. Five 
panters (1 to 5) and 1 control (6) arrived in 
January, 1942; 2 controls (10 and 11) in 
April, 1942; and 2 panters (12 and 13) ar- 
rived in May, 1943. Brief histories of the ex- 
perimental animals follow. 


Cow 1, a Holstein-Friesian %, Ayrshire %, 
Sahiwal %, % grade, was born February, 
1937. It had 2 calves, the last in September, 
1941, and at the time of this study was dry. 
Its mother was a panter. There was no rec- 
ord of foot-and-mouth disease. The animal 
was thin with a rough coat. It died in Octo- 
ber, 1942. 

Cow 2, grade %, was born Janvary, 1937. 
It had 2 calves, the last in January, 1941, and 
at the time of this study was dry. Its mother 
was a panter. There was a record of foot- 
and-mouth disease in 1939, since which time its 
feet had remained very sore, with persisting 
secondary infections near the hind feet. Its 
condition was poor, and it was destroyed Janu- 
ary, 1943. 

Cow 3, a Holstein-Friesian-Sindhi, % grade, 
was born February, 1939. It aborted Novem- 
ber, 1941, and was dry at the time of this 
study. Its mother was a panter. Piroplas- 
mosis developed August, 1941, and it was de- 
stroyed November, 1943. 

Cow 4, a Holstein-Friesian-Sahiwal, % 
grade, was born November, 1930. It had 7 
calves, the last in October, 1940; at the time 
of this study, it was dry. Foot-and-mouth dis- 
ease was recorded in November, 1940. Piro- 
plasmosis developed before the last calving. 
The animal had been a panter for eight years 
and was thin with a rough coat. It was de- 
stroyed February, 1943. 
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Cow 5, a Holstein-Friesian-Hariana, 13/16 
grade, was born April, 1937. It had 1 calf in 
February, 1941, and was dry at the time of 
this study. Its mother was a panter. No his- 
tory of foot-and-mouth disease was recorded. 
The animal was said to have panted from an 
early age. It was thin with a rough coat and 
was destroyed December, 1943. 

Cow 12, a Holstein-Friesian-Hariana, % 
grade, was born April, 1939. It had 1 calf in 
August, 1942, and died of theileriasis in 
June, 1943. 

Cow 13, a % grade, was born January, 
1940; it had 1 calf in October, 1942. It was 
destroyed when moribund, October, 1943. 

Cow 6, a Holstein-Friesian-Sindhi, % grade, 
was born September, 1931. It had 6 calves, 
the last in September, 1940. It was destroyed 
in January, 1943. 

Cow 10, a Holstein-Friesian-Sindhi, % 
grade, was born October, 1935. It had 2 
calves, the last in August, 1942. The second 
calf, a male, was a panter when 2 years old. 
Cow 10 was destroyed in February, 1946. 

Cow 11, a Holstein-Friesian-Hariana, 
grade, was born June, 1930. Its last calving 
was in March, 1941. At the time of this study, 
the animal was dry. It was destroyed Decem- 
ber, 1943. 

General Observations. — Experimental ani- 
mals during their stay at Izatnagar, were 
housed usually in a shed, the sides of which 
were open at all times, except at night during 


TABLE 2—Body Measurements of Experimental Animais 


in Inches 

Height 

Cow to girth 
No. Height Girth ratio 
54.0 76.5 0.71 
13 48.5 66.5 0.73 
> 50.625 68.25 0.74 
51.75 67.50 0.77 
2 53.5 68.5 0.78 
10 49.75 70.25 0.71 
11 52.0 71.75 0.72 

73.0 


54.0 0.74 

very cold weather. For one month from May 
25, 1943, they were moved to cooler metabolism 
stalls. At all times they were fed individually, 
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TABLE 3—Record, in Pounds, of Water Consumed by Experimental Animals 


twice daily, a concentrate mixture (totaling 
about 314 lb. per day) composed of wheat bran, 
gram husk, gram chuni, groundnut, and rape 
cake, with the addition of 1 oz. of minerals. 
A bulk ration of grass hay, oat hay, wheat 
chaff, green fodder, or silage was fed accord- 
ing to availability. Although the panting was 
sometimes so bad as to cause distress, no sub- 
stantial loss of appetite was apparent. All 
the animals, other than controls, were def- 
inite panters, cows 3 and 5 being the most 
serious. 


Fig. |—Thyroid of control 10. x 39. 


The monsoon season was even more trying 
than the hot premonsoon days. As the heat 
increased, there was often excessive salivation 
and lacrimation and some watery nasal dis- 
charge as the animals stocd in the shed, and 
this was noted occasionally in controls 6 and 
10. Control 11 was little disturbed, even on 
the hottest days. All animals sweated normal- 
ly at the muzzle. Exercise in the heat pro- 
duced cbvious signs of overheating, and much 
urging was required to keep the animals mov- 
ing. Panter 3 was inclined to lie down in the 


Mean Mean 
consumption Controls consumption 
Date Panters: 2 } 4 5 for period 6 11 for period 

March 17 128.75 69.75 63.5 137.0 124.0 } 71.5 — 

24 129.75 97.25 98.75 70.0 99.5 + 95.28 98.25 _- 

31 84.25 105.5 86.5 56.25 78.5 | 87.25 — 
April 7 148.5 85.0 91.0 65.0 73.5 92.60 88.5 -~ 
June 1! 109.5 85.5 132.25 78.5 78.5 ) 38.75 96.75 }] 

19 1°8.0 88.75 132.5 92.75 91.25 } 94.75 122.5 94.5 } 80.78 

30) 79.0 3.5 76.5 69.5 76.25 J 71.5 60.75 | 
Aug. 12 96.0 66.0 81.5 62.25 65.5 ) 70.5 72.5 } 

19 70.5 70.5 73.5 53.5 61.0 , 84.72 73.0 78.25 } 88.71 

2s 111.0 162.5 107.0 87.0 103.0 J 116.0 122.0 J 
Mean 110.525 91.425 94.200 77.175 ».100 83.775 87.46 
Grand mean 91.685 85.16 
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Fig. 3—Thyroid of panter 13. x 30. 


Fig. 4—Thyroid of panter 17. x 30. 


shed, breathed rapidly in the heat, sometimes 
panting like a dog with extruded tongue. 
From May to September, 1943, owing to the 
animal’s state of distress, it was kept in a 
cool building except on observation days when 
it was moved to the shed two hours before 
the work was started. On three occasions in 
1943, the amount of fluid, in the form of saliva, 
lost by cow 3 was measured. The amounts 
were: 

May 18, 3:00 to 4:00 p.m., 1,460 cc.; May 22, 
9:00 a.m. to 3:00 p.m., 2,540 ec.; June 28, 1:00 
to 3:00 p.m., 1,480 ec. 

Panter 1, during the month before its 
death, had several fainting fits and on each 
occasion was prostrate for an hour or more. 
It had great difficulty in rising, was very weak, 
but continued to feed till death. Panters 5 
and 13 contracted foot-and-mouth disease in 
July, 1943. 

Body Weight.—Weighings were taken be- 


Fig. 5—Thyroid of panter 2. x 30. 


fore the first watering and feeding of the 
day, ten times during the month of arrival to 
fix the weight as accurately as possible, there- 
after two or three times a month (see table 1). 

The body weights of the panters were low 
when they were received, probably due to the 
journey. Within two months they showed a 
decided increase but lost again in the hot 
weather. However, the controls showed a 
similar tendency. Beginning in May, 1942, 
panter 3 showed a more pronounced loss in 
weight, reaching a low point in August; it 
revived in winter to reach a peak in April. 
From then, there was a sharp decline persist- 
ing until death. 

Body Measurements. — Measurements (in 
inches) of height to withers and chest girth at 
4 in. behind elbow were carefully taken on 
two occasions in 1943. The height to girth 
ratio perhaps gives an idea of chest capacity, 
i.e., the lower the ratio the relatively better is 
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the chest developed. The figures are few and 
little importance can be attached to them, but 
as they stand they suggest that panters may 
be inferior to normal animals in chest capacity. 
Measurement of cows 2, 4, 6, and 13 was made 
once only (table 2). 

Body Temperature, Respiration, and Pulse 
Rates.—At various periods during 1942, to 
study the eifect of the cool, the hot, and the 
monsoon seasons, observations were made on 
panters 1 to 5, and controls 6, 10, and 11. The 
temperature, respiration, and pulse rates at 
rest were recorded at 9:00 or 10:00 a. m. At 
2:00 p.m., the animals were exercised on level 
ground, the temperature, respiration and pulse 
rates being again recorded immediately on re- 
turn to the shed. In the cold season, they were 
exercised for one hour and in the warm sea- 
son for thirty minutes or even less. During 
the monsoon season, rainless days were se- 
lected for the observations. The respiration 
rate was taken over two minutes and the mean 
value for one minute recorded. A second ob- 
server recorded the pulse rate for one minute; 
after that, the temperature was noted. The 
mean values of these observations are given in 
tables 5 to 7. Mean air temperatures at 7:00 
a. m. and 4:00 p.m. for the periods are also 
shown in table 5. 

During the hot and monsoon season of 1943, 
similar observations were made on panters 
3, 5, and 13 and controls 10 and 11, at rest 
only, at 2:00 p.m. Results are shown in 
table 8. 

In connection with these tables, two points 
are to be noted: (1) Cow 10 was obviously not 
a satisfactory control, since, in both years, 
the values for temperature, respiration and 
pulse rates were not only definitely higher than 
the other 2 controls, 6 and 11, but also higher 
than some of the panters. Nevertheless, cow 
10 did not have the appearance of a panter and 
was considered a normal animal by the farm 
authorities. It had a smooth coat, showed no 
distress in the heat; its blood values were in 
the normal range and, at the time of destruc- 
tion, the animal was in good condition. It ap- 
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peared to be an example of the grade animal 
which will pant in the heat without being a 
panter in the accepted sense. (2) Since cow 
3 was a very bad case, giving far higher values 
than the others, figures for it have not been 
included in the averages. 

Respiration.—From tables 5 to 8 and figure 
6, the following points may be noted. (1) As 
expected, resting respiration rates are much 
higher in the warm season than in the cold. 
In the case of panters, the rates were also 
higher at 2:00 p.m. than at 10:00 a.m. (2) 
Comparison of the group averages of respira- 
tion rates at rest for normal controls 6 and 11 
and for panters 1, 2, 4, and 5 shows that the 
rates for panters are higher than those of the 
controls. The rates for panter 3 are higher 
still, while control 10 is intermediate but 
higher than panter 1, etc. (3) The respiration 
rate at rest becomes relatively higher in pan- 
ters than in normal controls as the hot-dry 
season is entered, and the difference is even 
more exaggerated in the,monsoon. The worse 
the panter, the greater the curves diverge. (4) 
Comparison of the curves on the left and right 
sides. of figure 6 shows that, after exercise, 
also, the rise in respiration rate is relatively 
much greater in panters than in normal con- 
trols during the cool and hot-dry seasons, the 
difference being particularly marked with the 
bad panter, cow 3. In the monsoon season, 
the postexercise rate is still higher, but the 
actual rise due to exercise is then roughly 
proportional in panters and controls. (5) 
Whereas at the worst season, viz., the mon- 
soon, the respiration rate of the normal con- 
trols at rest was 18 per minute; in the aver- 
age panter, the rate rose to 25 and, in the bad 
panter, as high as 65 per minute. These are 
for 10:00 a.m. readings; at 2:00 p.m., at 
roughly comparable seasons, the respiration 
rate of the severe panter was over 100 per 
minute (table 8). 

Pulse.—Much the same conditions are true 
of pulse rate as of respiration rate (table 2). 
Whereas, in the normal controls during the 
monsoon season the mean pulse rate at rest is 


TABLE 4—Comparison of Weights, in Grams, of Organs of Experimental Animals 


Approxi- 


mate ave 
Body at death 
Cow wt. (yr.) Heart Thyroid Adrenal Pituitary 
20 64 1 1281 (0.50)* 18.8 (0.0073) 12.60 (0.0049) 2.25 (0.0013) 
17 752 ) 1235 (0.36) 12.6 (0.0037) 18.20 (0.0053) 6.0 (0.0018) 
23 784 5 1100 (0.31) 14.7 (0.0041) 17.35 (0.0049) 
3 668 5 1130 (0.37) 11.7 (0.0039) 12.4 (0.0041) 
2 760 6 1680 (0.49) 
5 812 61 1270 (0.34) 16.4 (0.0045) 13.0 (0.0035) 
21 824 7 1276 (0.34) 16.65 (0.0045) 19.27 (0.0052) 
14 612 1045 (0.38) 8.47 (0.0031) 15.52 (0.0056) 
4 970 12 2030 (0.46) 22.9 (0.0052) 20.4 (0.0046) 
15 825 15 1559 (0.42) 33.0 (0.0088) 27.70 (0.0074) 
Controls 
10 1088 10 1792 (0.36) 23.4 (0.0047) 24.02 (0.0049) 
6 992 11 2150 (0.48) 50.6 (0.0112) 
11 980 13 1890 (0.42) 22.4 (0.0050) 19.4 (0.0044) 5.7 (0.00138) 


*Figures in brackets show percentage of mean body weight. 
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about 42 per minute, in the average panters, it 
is about 49. In panter 3, the rate at this time 
was about 66, reaching 83 after exercise. 
Temperature.—F rom table 7, it is seen that, 
at rest during the cool and the hot-dry weather, 
there was no difference in the mean tempera- 
tures for panters and controls, while in the 
monsoon, the mean temperature of the average 
panters was 0.5 F. higher and with panter 3, 
1.9 F. higher. The mean, maximum tempera- 
ture at rest, 103.3 F., was noted in panter 3 
during the monsoon. The rise in temperature 
due to exercise was higher at all seasons in 
the panters than in the controls, and there 
was little difference in this respect between 
the average panter and the worst panter, 
cow 3. The rises in temperature in control 10 
were also considerable, and the mean tempera- 
ture reached by this animal in the monsoon 
was equal to that of panter 3, just over 105 F. 
Return to Normal after Exercise—On a 
number of occasions, after an hour’s exercise 
in the sun, the temperature, pulse, and respira- 
tion were taken at fifteen-minute intervals to 
note the time required for values to return to 
normal. Naturally, this interval depends on 
the air temperature during cooling, hence on 
the time of day the exercise is undertaken. 
The work was carried out during March to 
September, with shade temperatures varying 
from 66 to 90 F. It was not easy to get ac- 
curate recordings of the time required for 
values to reach the normal level due to varia- 
tion of air temperature during the observa- 
tions, due to difficulty of deciding just when 


normality was reached, and, sometimes, to fail- 
ure of the temperature, pulse, and respiration 
to reach normal within two or three hours. The 
results may be expressed in general terms by 
saying that, in controls, the respirations 
reached normal in about thirty minutes; in me- 
dium panters, in forty-five minutes; while 
with panter 3, the rate usually remained 
above normal for more than two hours. The 
pulse rate of controls and medium panters was 
found to return to normal after about forty 
minutes and, in the severe panter, after fifty 
to fifty-five minutes. The temperature of the 
controls and medium panters returned to nor- 
mal in about fifty minutes, while in the severe 
panter normality was not reached before at 
least one and one-half hours. 

Water Intake.—On ten days during 1942, the 
amount of water (in pounds) consumed be- 
tween 7:00 a. m. to 7:00 p.m. was measured. 
Water was continually before the animals, and 
the amount drunk was measured hourly. Most 
of the water was taken between 7:00 and 8:00 
a.m. and 4:00 and 5:00 p.m. Unfortunately, 
only 1 control was available during the full 
period. The results shown below, although 
not striking, suggest that panters consume 
more water than normal cattle, a finding 
which is amplified by Mullick’s work’ and 
which corresponds to the increased respiration 
rate and the greater output of saliva and urine 
shown by diseased animals (table 3). 

Examination of Blood and Urine.—Details 
are given in Mullick’s study.’ It may be men- 
tioned here that panters are anemic, have a 


No. of observation. _ Mean __ Group means Rise due to exercise 
Cow No. (1) (2) (3) qd) (2) (1) (2) (3) (1) (2) (3) 
At rest 
1 15 18 17 10.2 153.4 29.4 
2 25 1 9.2 19.4 
4 21 18 17 9.3 19.5 19.7 9.8 20.6 25.3 
5 24 18 17 10.8 28.2 25.6 
3 25 18 17 16.2 44.3 65.5 
6 25 18 17 8.8 17.3 17.0 as 
11 10 17 7.4 5 18.8 8.4 17.3 18.0 
10 10 12 15.7 42.0 
After exercise 
1 14 17 13 24.3 39 65 ik ie if 
2 23 17 15 41.1 64.5 th 
4 23 17 15 30 53.5 62.1 33.1 55.4 69.1 23.3 34.8 43.8 
5 23 17 15 38.5 68 74 
3 23 16 15 55.5 104 114.3 39.3 59.7 48.8 
6 23 17 15 19.3 38.1 60.5 
11 9 15 «126 17.4 38.2 9.0 20.9 443 
10 9 oe 11 35.5 70.8 19.8 = 28.8 
Mean air 
tempera- 
ture (F.) 70.3- 89.1- 84.7- 
77.3 98.9 87.9 
*Numbers in parentheses indicate periods as follows: Period 1 = Jan., Feb., Dec.; period 8 = March, 


Apr.; period 3 = Aug., Sept.; with cow 10, gap of twenty-six days left in period 3 over calving period, 
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lower alkali reserve than controls and higher 
values for blood lactic acid and inorganic phos- 
phorus. Panters show a higher excretion of 
urine of relatively low specific gravity and a 
lower output of urinary nitrogen and chlorine. 
They consume less food and have lower food 
utilization than control cattle. 

Series 2.—Six panters were available dur- 
ing 1944 and 1945, 3 being European crosses 
received in April, 1944, and 3 Harianas from 
the Institute dairy, put under observation in 
July, 1944. (Data for the Harianas are 
omitted from the paper by Dr. Mullick.) 

Brief histories of the experimental animals 
follow: 

Cow 15, a Holstein-Friesian-Hariana, % 
grade, was in fair condition; its coat was not 
noticeably rough. Born December, 1929, it 
had ten calves, the last in July, 1942. It was 
destroyed in November, 1944. 

Cow 17, a Holstein-Friesian-Sindhi grade, 
not in good condition, with a rough coat, was 
born February, 1940. It had 2 calves, the last 
in February, 1944, and was destroyed in De- 
cember, 1944. 

Cow 20, a Holstein-Friesian-Hariana, % 
grade, in poor condition, with a rather rough 
coat, was born August, 1942, and was de- 
stroyed, January, 1945. 

Cow 14, a Hariana was born January, 1938. 
It was very thin with a rough coat. It had 4 
calves, the last on July 29, 1944. Three of 
the 4 calves died when less than 2 months old. 
The cow was destroyed in January, 1946. 

Cow 21, a Hariana, dark grey in color, was 
born November, 1937. It had 4 calves, the last 
in June, 1944. The first calf, a female, was 
said to have developed panting. The second 
and third calves died when 3 to 6 months old. 
The cow was destroyed in February, 1945. 

Cow 23, a Hariana, dark grey in color, in 


good condition, was born September, 1939. It 
had 8 calves, the last in May, 1944. The first 
calf died when 4 months old. The cow was 
destroyed in February, 1945. 

The 8 crossbreds were used mainly for bio- 
chemical investigation, but sufficient observa- 
tion was made on all 6 to establish their clini- 
cal status in respect to panting. For exam- 
ple, cows 15, 17, and 20, on Apr. 18, 1944, when 
the dry bulb temperature was 96 F. gave res- 
piration rates at rest of 55, 62, and 59 per 
minute, and i20, 72, and 105 per minute, re- 
spectively, after a half-hour’s walking. Cows 
21 and 23, on Sept. 5, 6, and 7, 1944, when dry 
and wet bulb temperatures were around 90 and 
82 F., gave mean respiration rates at rest of 
100 and 82, respectively. Cow 14, on three 
days in July, 1944, when dry and wet bulb tem- 
peratures were about 91 and 83 F., gave at 
rest a mean respiration rate of 69. 

Pathology.—Except in the case of panter 1, 
which died unexpectedly, postmortems were 
conducted immediately after destroying the 
animals. ' Particular attention was paid to 
certain of the endocrine glands. Since the 
state of these glands, in particular the thyroid, 
is so much influenced by outside factors, it was 
arranged that the animals be slaughtered dur- 
ing the cool season and at a time when they 
were not pregnant or lactating. The materials 
were fixed in formalin-, and hematein- and 
eosin-stained sections prepared from all, or 
most, of the following: heart muscle, liver, 
spleen, kidney, pituitary, thyroid, and adrenal. 
Smears from the ileocecal valve were nega- 
tive for Johne’s bacilli. The only gross ab- 
normalities were as follows: Panter 2 had 
some pleural adhesions. Panter 4 had some 
uniformly distributed pericardial adhesions; 


TABLE 6—Pulse Rate of Panters and Controls at Rest and after Exercise. 1942 


No. of observations Mean 


Group means Rise due to exercise 


qd) (2) (3) (1) (2) 


(1) (2) (3) (1) (2) (3) 


At rest 


After exercise 


*Numbers in parentheses indicate periods. 


° 

oe 1 18 18 17 40.8 48 54 
28 18 17 42 46.2 46 

oe 4 26 18 17 44.1 46.6 46.8 42.5 48 49.3 
es 5 27 18 17 43.7 51.2 50.4 
- 3 28 18 17 45.7 51.4 66.5 
6 27 18 17 38.4 41.5 42.8 
a 11 10 a 17 39.7 od 40.5 38.8 41.6 41.6 
10 10 56.2 = 
14 17 13 60.6 70 72.6 
23 17 15 66.5 67.6 65.5 

| 23 17 156442 67.8 64.3 67.2 68.3 218 192 419 

23 17 15 64.4 69 68 

3 23 17 15 66 69.3 83.2 20.3 17.9 16.7 
‘g 23 17 15 56.4 54.3 63.4 
9 15 56.6 65 56.5 54.3 64.1 22.5 
9 8 69.5 81 13.3 ~ 
3 
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joint cavities were blue. Panter 5 showed 
epiphysis of femur containing yellow marrow, 
and a large cyst in one kidney. Panter 3 
showed poor body condition and epiphysis of 
femur containing yellow marrow. In the 
thyroid of panter 15 was a very large cyst in 
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Fig. 6—Respirations per minute, resting and post- 
exercise; mean or absolute values. 


one lobe and fairly large cysts in the other 
lobe. In panter 23, there was slight pyelone- 
phritis of the right kidney. Control 10 had 
many cysts in the thyroid. There was also a 
cyst in the pituitary, apparently in connection 
with the posterior lobe. Weights of the vari- 
ous organs (in Gm.) are recorded in table 4. 

It may be noted that Dey, Krishnan, and 
Giriraj’ found the thyroid glands of South 
Indian cattle to have an average weight of 8 
to 12 Gm. More than 2,000 such cattle were 
examined, and their average weight would be 
400 to 500 lb. (personal communication), so 
that the thyroids were 0.004 to 0.005 per cent 
of the mean body weight, figures close to those 
shown in table 4. 

Thyroid Gland.—In a general way, in pan- 
ters, the outstanding features are reduction in 
size of the gland and: diminished storage of 
colloid. In the normal resting thyroid of the 


adult cow, the vesicles, other than those near 
the periphery, are large, distended, with 
deeply stained colloid, and lined with rather 
flattened epithelium (fig. 1 and 2). In most of 
the panters, many of the vesicles forming the 
central bulk of the gland are small; the lining 
cells tend to be more cuboidal, and the con- 
tained colloid is pale-staining or not detect- 
able. Incidentally, none of the animals was in 
milk at the time of death. It seems that the 
thyroid of the panter is too active for the ani- 
mal’s needs. This is in agreement with Mul- 
lick’s observation that panters give out more 
heat than controls. The reduced volume of the 
gland is probably, in part, an adaptation to 
the lowered heat production requirements. 
When panting animals grow old, their demands 
for thyroid secretion diminish in the normal 
way, so that the glands again enlarge as a 
result of colloid storage. 

In control 10, most of the vesicles were large, 
but the colloid was not very deeply stained, 
and the lining epithelium tended to be cuboi- 
dal. The thyroid of panter 15, a 15-year-old 
cow, showed very little abnormality, the vesi- 
cles being of normal size but filled with rather 
pale colloid. In panters 5, 14, 21, 23, 4, 20, and 
3, a proportion of the vesicles were of more 
or less normal size, but many were small. 
In panters 13 and 17, a high proportion of 
the vesicles were very small and contained 
pale colloid (fig. 3 and 4). In panter 2 (fig. 
5), there were few large vesicles and these 
were filled with fairly well stained colloid; 
practically all the vesicles were small and 
their lumen contained, not colloid, but a few 
scattered cells.* 

Adrenal Glands.—As a rule, in sections 
stained by hematein and eosin, no obvious 
changes were seen. In the zona fasciculata of 
panter 13, there were a few hemorrhages and 
some collections of lymphoid cells (deeply 
staining nuclei); in that of panter 4, there 


*After this study of the thyroid was written, a 
paper by Abbott and Prendergast was drawn to 
the autlor’s attention through the kindness of Dr. 
B. Mukherji, Calcutta. These workers describe the 
histology of thyro‘ds from various species of anima!s 
of varying ases. They emphasize that the thyroid 
gland undergoes definite changes as age increases. 
the thyroids of younger -nimals are characterize 
by small acini and little colloid, with a tendeney to 
hyperplasia, physiologic in nature. With older ani- 
mals, the acini become larger, and the colloid is 
relatively increased. In still older animals, colloid 
is further increased, and the cells tend to become 
flattened, These changes are, of course, due to the 
varying activity of the thyroid at different ages, 
the glands of younger animals being most active. 
Unfortunately, the control cattle studied by the 
author were older than the panters. Nevertheless, 
one may probably compare the thyroids of panters 
21, 14, and 4 (aged 7, 8, and 12 years), in which 
Many acini were described as small, with those of 
controls 10, 6, and 11 (aged 10, 11, and 13 vears) 
in which the vesicles were large and had an ap- 
pearance not unlike that in colloid goiter. It still 
seems correct, therefore, even on histologic 
srounds, to say that the thyroids of panters are 
abnormally active. It may be note, that panter 
15, which was 15 years old, had large thyroid 
vesicles, 
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were foci of hyaline degeneration (negative 
for amyloid). 

Pituitary Gland.—In hematein- and eosin- 
stained sections no abnormalities could be de- 
tected in any part of the gland, except in con- 
trol cow 10. The anterior pituitary of this 
animal was strongly congested, and in its 
substance were a number of minute cysts, 
some of which contained colloidal material. 
One cyst as large as a pea was also observed, 
which probably communicated with the cleft. 
All sections of pituitary were specially searched 
for collections of lymphoidal cells, such as 
have been described by Nai, but they were not 
seen. 

Heart Muscle, Liver, Kidney, Spleen, Para- 
thyroid.—The heart muscle, liver, and kidney 
showed no abnormalities except that the heart 
muscle of practically all the animals contained 
sarcocysts. The parathyroids could not always 
be found but, in panter 4 and control 11, these 
organs were normal. The spleen of 3 panters 
showed a large amount of blood pigment 
(Prussian blue reaction), but control 6 also 
showed a good deal. 


DISCUSSION 

The relationship between panting and 
foot-and-mouth disease was discussed in the 
first paper.! The relationship is not always 
obvious: (a) because only a proportion of 
cattle that have suffered from foot-and- 
mouth disease become panters; (b) because 
cattle, like other animals, vary in their tol- 


_No. of observations 
Cow No. (1) (2) (3) 


erance of heat. Some animals normally pro- 
duce thyrotropic hormone in excess of their 
needs when exposed to a hot environment. 
Cow 10, referred to in this paper, may be a 
case of excessive production of thyretropic 
hormone, and the fact that both pituitary 
and thyroid of this animal were cystic may 
be significant. The suggestion that panting 
may be due to some defect of the anterior 
pituitary caused by foot-and-mouth virus 
finds some support from the histologic ob- 
servations of Nai. In the same connection, 
it may be noted that the presence of foot- 
and-mouth virus in commercially prepared 
pituitary extract has been reported by Gal- 
loway,® though he could not show with 
guinea pig pituitaries that these glands har- 
bor the virus longer than does the circu- 
lating blood. 

Though no claim can yet be made that 
the pathology of panting is resolved, the 
following hypothesis may be put forward. 
The panting condition is due to two factors, 
(a) a chronic anemia and (b) an inter- 
ference with the normal working of the 
pituitary-thyroid-adrenal mechanism. Both 
changes are caused initially by the foot-and- 
mouth disease virus. The endocrine change 
may also, in part, be connected with the 
anemia, since inanition is known to lead to 
exhaustion of thyroid colloid. The anemic 


__Group means Rise due to exercise 
a) (2) (3) a) (2) (3) 


100.7 
101.0 
100.6 
100.6 


100.9 
101.1 
100.9 
101.6 
100.9 102.1 
101.0 101.0 
100.16 


100.4 


Mean air 
tempera- 
ture (F.) 


100.7 101.1 101.9 


100.9 101.0 101.4 


After exercise 


102.0 
102.2 
101.8 
102.9 


103.6 


102.5 102.2 


102.8 
103.1 


101.6 


102.1 101.6 


105.1 


*Numbers in parentheses indicate periods. 


poe TABLE 7—Body Temperatures of Panters and Controls at Rest and after Exercise, 1942 
Le At rest 
4 17 15 102.3 
aE 4 23 17 15 101.4 
ae 23 17 15 101.9 
hee 3 23 16 15 103.3 
4 11 4 a 15 101.4 
10 9 11 102.5 
50- 61.3- 78.4- 
56.5 73.6 80.2 
17 13 102.4 104.1 
pod 23 17 15 102.9 103.4 ai 
{ 23 17 15 102.1 102.7 Po 103.5 1.8 1.1 1.6 
5) 23 17 15 102.3 103.7 
; 3 23 16 15 102.5 = 105.2 1.6 1.5 1.9 
6 23 17 15 102.1 ‘ 
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state, which in most cases of foot-and- 
mouth disease is a more or less transient 
affair, is maintained in panters by the lower 
food intake and the lower utilization of 
food.? The increased respiration and pulse 
rates are necessitated by the higher res- 


TABLE 8—Body Temperature, Respiration and Pulse 
Rates of Panters and Controls at Rest, 1943 


Means Group means 
Cow No. (1)* (2) (3) (1) (2) (3) 
Body temperature 
100.2 100.3 100.28 100.36 
3 100.45 100.5 100.4 
11 100.1 100.2 100.2 
10 100.2 100.3 100.3 
Respiration rate 
3 115 102.6 73.2 
li 15. 20 20 
10 47.2 68.8 42.8 
Puise rate 
5 48.5 56.5 67.3 
13 59.2 58.7 69.3 53.8 57.6 68.3 
66.8 71.6 67.5 
11 43.4 48.1 57.2 
10 3.2 51.8 59.8 
Mean air 
tempera- 
tures (F.) 108 106.4 91.3 


*Numbers in parentheses indicate periods. 

Period (1), May, number of observations, 10; 
period (2), June, number of observations, 10; period 
(3), Sept., number of observations, 11. 


piratory exchange required to combat the 
anemia, as well as by the greater heat out- 
put consequent on the disordered endocrine 
function. As to the latter, the production of 
thyroxine is, relatively, in excess so far as 
heat regulation is concerned but is perhaps 
moderate so far as the nutrition of the skin 
is concerned. Therapeutic trial on various 
lines might be one way of elucidating the 
phenomena. 
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SUMMARY 

1) Clinical and pathologic observations 
were made on a number of panters kept for 
several months at Izatnagar in the United 
Provinces of India. The severity of the 
complaint varied in degree from one case to 
another, but symptoms were usually worse 
in the monsoon than in the hot-dry season. 
During the heat of a monsoon day, a bad 
panter, at rest, gave over 100 respirations 
per minute; even so, its body temperature 
might be 103 F. 

2) Although the essential pathogenesis 
of panting is not yet clear, the outstanding 
feature pathologically is a reduction in size 
of the thyroid gland, with small vesicles and 
diminished storage of colloid. It is sug- 
gested that the symptoms are due to the 
thyroid being too active for the animal’s 
needs, the reduction in size being an at- 
tempt at adaptation. A hypothesis is put 
forward to explain the nature of the panting 
condition. 

3) Panting is to be distinguished from 
the physiologic condition of poor heat re- 
sistance which may characterize particular 
breeds or individual animals. 
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Panting in Cattle—A Sequel to Foot-and-Mouth Disease 


II. Biochemical Observations 


D. N. MULLICK 
Izatnagar, India 


IN THE first paper of this series,!2 an ac- 
count of clinical and pathologic studies on 
panting in cattle was given. In this paper, 
the biochemical aspects will be considered. 


EXPERIMENTAL 


The animals used were the same as those 
used for the study recorded in the first paper, 
viz., in 1942, panters 1, 2, 3, 4, and 5 and con- 
trols 6, 10, and 11. During 1943, 2 more 
panters, 12 and 13, were added. In 1944 and 
1945, 5 panters, 15, 17, 18, 19, and 20 and 1 
control, cow 16, were available. The histories 
of these animals, except cows 18, 19, and 16, 
were presented in the discussion of the clinical 
and pathologic observations in the first paper. 
All of them, however, were European-zebu 
crosses. : 

The following observations and analyses 
were made during the course of the experi- 
ment. 

Whole Blood.—In 1942 to 1944, red cell count, 
cell volume, mean corpuscular hemoglobin, and 
mean corpuscular hemoglobin concentration 
were observed and, in 1942, clotting time. In 
1943, mean cell diameter, mean corpuscular 
average thickness, white cell count, and differ- 
ential count were noted. In 1944, the reticulo- 
cyte count was made according to the methods 
described by Napier and Das Gupta.” In 1942 
to 1944, hemoglobin was observed by the method 
of Newcomer.“ In 1942, sugar, lactic acid, in- 
organic phosphorus, and chlorine content were 
studied according to the methods of Host and 
Hatlehol,® Friedman and Graeser,’ Fiske and 
Subbarow,‘ Whithorn,” Weinbach,” and Breh 
and Gaebler.’ 

Plasma.—In 1942, alkaline reserve and bicar- 
bonate were studied by the method of Van 
Slyke.” 

Serum.—In 1942, protein (Kjeldahl method), 
calcium and chlorine, were studied. In 1943, 
sodium, potassium, and chlorine were studied 
by the methods of Clark and Collip,* Whit- 
horn,” Weinbach,” and Breh and Gaebler,’ 
respectively. In 1944, an estimate of pH was 
made by Coleman’s direct reading pH meter. 

Blood was analyzed monthly, quarterly, and 
bimonthly in 1942, 1943, and 1944, respectively. 

Urine, Feces, and Food.—In 1942, 1948, 1944, 
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and 1945 organic and inorganic constituents 
were analyzed by the methods of Talapatra, 
Ray, and Sen.” 

The quantitative excretion of urine was re- 
corded at various periods, while analysis for 
nitrogen and chlorides was done only in 1942. 
In 1943, 1944, and 1945, water metabolism and 
the digestibility coefficient of the various nutri- 
ents in the ration were studied. These obser- 
vations were made at the height of summer 
in each year, when the animals were suffering 
most severely from high air temperature. 
Water was given ad lib., but the actual con- 
sumption was recorded. In 1944, energy 
metabolism was measured by indirect calori- 
metry, using a Douglas bag, within twenty- 
four to thirty-six hours after taking food. The 
expired gas was analyzed for carbon dioxide, 
oxygen, and methane in a Van Slyke micro- 
blood gas apparatus, with a special outfit for 
methane analysis. In 1945, the animals were 
given intravenous injections of different doses 
of thyroxine in alkaline solution, and their 
respiration and temperature were recorded. 

In order to assess the significance of the 
differences between the mean values of the 
constituents of the panters and the controls, 
statistical analysis of the experimental data 
has been performed separately. In these 
analyses, the periods for which the figures are 
complete have been considered. Only the fig- 
ures for the year 1942 have been analyzed, 
since the figures available for 1943 and 1944 
were too few. 


RESULTS 


ANALYSIS OF BLOOD 


Blood Morphology.—The average values 
of all constituents in each year are given in 
table 1. The figures for red cells, hemo- 
globin and cell volume recorded in indi- 
vidual years, show definitely lower values in 
the panters. Mean corpuscular volume, 
mean corpuscular hemoglobin, and mean 
corpuscular hemoglobin concertration, 
which are calculated from the afore-men- 
tioned figures, show the same picture. The 
mean cell diameter and the mean corpus- 
cular average thickness, measured in 1943, 
also show a lower value in panters. Reticu- 
locytes, determined in 1944, are higher in 
panters than in the controls. 
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Coeff. of 


digestion 


58.3 
80.0 
49.1 
61.6 


Controls 


1945 
Intake 


Coeff. of 


Panters 


Iniake 
4.9 
788.1 
2210.0 


— 
7 


Coeff. of 


digestion 


crushed barley. 
crushed barley. 


Controls 


Intake 
4329.0 


1944 


ot 


59.1 


Coeff. 
60.9 


digestion 


TABLE 3—Digestibility Coefficient of the Nutrients in the Whole Ration 


Panters 
wleat bhusa, cow peas, mustard cake, 


wheat bhusa, guinea grass, rape cake, 


Intake 


in 1945: 


Gm. 


Gm. 


rs 

= 
= 


© 

7 


Figures are averages of seven-day estimations. 


Composition of ration was, in 1944: 


Constituents 
ry matter, kg. 
‘rude protein, Gm. 


ether extract, 


The total white cells in panters and con- 
trols, in 1943, are 10.2 and 9.2 thousands 
respectively, and the percentages in differ- 
ential counts have remained practically the 
same. 

Blood Chemistry.—The average figures 
of each year of all the constituents are 
given in table 1. Lactic acid and inorganic 
phosphorus in the blood of panters are 
higher than in controls. The alkaline re- 
serve, measured as bicarbonate, as well as 
protein and calcium, on the cther hand, are 
much lower in the blood of ;.nters. The 
other chemical constituents have remained 
practically the same in both the groups. 

Urinalysis.—The diseased animals ex- 
creted large volumes of urine which, how- 
ever, contained relatively less nitrogen and 
chlorides (table 1). From the data of 1942, 
it appears that the urinary volume of the 
panters is about 30 per cent higher, where- 
as, urinary nitrogen and chlorides are, re- 
spectively, 17 and 37 per cent lower than 
in the controls. 

Water Metabolism, Digestibility Coeffi- 
cient, and Balance of Ingested Nutrients.— 
The average figures for water intake, water 
outgo and balance, digestibility coefficient 
of organic nutrients, and the balance of in- 
gested minerals are summarized in tables 
2, 3, and 4. The water intake and undeter- 
mined balance in panters were higher in 
spite of the fact that the relative dry mat- 
ter intake of these animals was lower than 
in the controls. The digestibility coefficient 
of dry matter and organic nutrients, espe- 
cially crude fiber and nitrogen-free extract, 
was considerably lower in the panters 
(table 3). The balance of intake and outgo 
of inorganic elements (table 4) shows that 
both panter and control groups were in 
positive balance. 

Energy Metabolism.—Panting animals 
give out more heat (table 5). The higher 
output becomes more conspicuous when the 
heat production is calculated on the basis 
of 500 kg. of body weight. 

Effect of Thyroxine Administration.—At 
first, a massive dose of thyroxine, 25 mg. in 
alkaline solution, was given intravenously 
to all the animals. Ten days later, a second 
dose of 9 mg. was given and, seven days 
later, this smaller dose was repeated. The 
respiration rates, body temperature, and 
dry bulb air temperature were noted daily 
(chart 1). From this it is seen that the 
respiration rate in panters, especially in 
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cow 17, was practically doubled and, at the 
same time, became very irregular. This rise 
constantly followed the administration of 
thyroxine, but no such ris2 occurred in con- 
trols except in cow 16 after the first dose. 


Chart I 
Injection of Thyroxine 
Panter 17 


Panter /8 


Control 16 


Dry Bulb Temperature 


fo mg 9-0mg. 


Reshurations Per Minute. 


5 10 1§ 20 25 days 


Chart |—Observations of the effect of thyroxine ad- 
ministration. 


Analysis of Bones.—The bones were an- 
alyzed for total ash and for percentages of 
calcium and phosphorus in total ash. The 
average figures showed no differences be- 
tween panters and controls. 

Statistics —Table 6 gives the figures ob- 
tained from the necessary calculations. It 
will be seen that the differences between 
the mean values of the constituents of the 
two groups, panters and controls, are highly 
significant, except for clotting time, sugar, 
and chlorine, where there were no signifi- 
cant differences between the mean values 
(table 6). The mean values for red cells, 
hemoglobin, cell volume, protein, calcium, 
urinary nitrogen, and chlorides were sig- 
nificantly lower in panters than in controls, 
whereas the opposite was true for lactic 
acid, inorganic phosphorus, and urinary 
volume. For alkali reserve, the difference 
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was just significant in favor of the control 
groups. 


DISCUSSION 


BLoop ANALYSIS 


The items of -blood morphology, which 
show conspicuous deviation from the nor- 
mal, indicate that the panters are anemic. 
The anemia is of the microcytic type, with 
increase of reticulocytes. In panters, the 
lower cell volume and increased plasma vol- 
ume help the animals reduce the internal 
temperature by exposing the liquid portion 
of the blood at the surface. The higher 
white blood count in panters may indicate 
increased phagocytic activity. It may be 
that. in anemia an additional protective 
mechanism against infection comes into 
play. Berry, Davies, and Spies? noted that 
anemic human beings are surprisingly re- 
sistant to infection and have an increase in 
white cells. 

The increased lactic acid and inorganic 
phosphorus in panters may be due to the 
rapid respiration and pulse rate, i.e., higher 
tissue oxidation and acidosis, due to lack of 
excretion and hence accumulation of acid 
in excess, or it may be an acidemia due to 
some irregular metabolism, resulting in the 
accumulation of lactic acid in the blood. 
This mechanism also encourages ‘pulmonary 
ventilation which is a physiologic means of 
combating acidemia, producing low plasma 
bicarbonate. Also, during hyperthermia, 
metabolism increases, e.g., for every rise 
of 1 F. in internal temperature, basal me- 
tabolism is increased by 7.2 per cent.?° 
Whatever may be the cause of the rapid 
respiration and pulse rate or of the higher 
lactic acid and inorganic phosphorus in the 
blood, in nonsweating animals, hyperther- 
mia or increased oxidation is accompanied 
by higher lactic acid and low alkaline re- 
serve. Hall and Wakefield’? and Marsh,® in 
their studies of experimental heatstroke in 
rabbits and dogs, noted high blood lactic 
acid. In spite, however, of the acidosis the 
PH is buffered within a narrow range. 


URINALYSIS 


The higher excretion of the urine in 
panters may be due to pressure diuresis and 
the kidney cells trying to eliminate the ex- 
cess acid in order to maintain the acid-base 
equilibrium of the body. Low chloride and 
nitrogen in the urine of the panters may 
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TABLE and Woter Boland 


Constituents Intake ~ Balance intake Balance 
Calcium Gm, 32.97 + 2.75 64.17 +11.10 
Phosphorus Gm. 23.49 + 7.26 40.88 +13.69 
Magnesium Gm. 19.31 + 0.31 36.19 + 0.64 
Sodium Gm, 9.52 + 0.63 19.15 + 1.06 
Potassium Gm. 59.17 + 3.31 115.36 + 8.16 
Water kg. 38.00 +21.00 50.10 + 23.20 
Water/dry matter 

ratio 7.75 5.73 
Pulse rate, min. 74.00 65.00 
Respiration rate, 

min. 43.00 21.00 
Temp. F. 102.30 101.70 
Climate 
Max. temp. 100.9 F. 
Min. temp. 73.0 F. 
Dry bulb temp. 87.3 F. 

H. per cent 33.0 
Barometer 742.7 mm. 


Figures are averages of seven-day observations in 1945. 


TABLE Metabolism 


Animal Body weight Respiratory _Calories per twenty-four hours __ 


(No.) (Kg.) quotient Total 500 kg. 
Panter 15 360.0 0.90 6672.6 9250.0 
Panter 17 332.7 1.00 8856.0 13525.0 
Panter 18 320.0 1.10 8841.0 13815.0 
Panter 19 321.8 0.87 5342.0 8300.0 
Panter 20 272.4 1.00 5011.0 9070.0 
Control 16 456.3 0.94 4651.0 5096.0 
Max. temp. 88.2 
Min. temp. 86.2 
Dry bulb temp. 87.0 
RH per cent 70.0 


Figures are averages of seven-day observations in 1944. 


TABLE 6—Test of Sigaiicense of the » Oiieroness between the Mean Values of the Constituents in 1942 


differences Critical 
between differences for 
Control Panter the means P=0.05,P=0.01 Remark 
Blood 

Red cells, millions/cmm. blood 7.62 7.19 0.43 0.2901 0.3638 h.s. 
Hemoglobin, Gm./100 cc. blood 10.98 8.07 2.91 0.3968 0.5074 h.s. 
Cell volume, per cent blood 38.83 30.46 8.37 1.0955 1.4484 h.s. 
Clotting time, — blood 5.79 5.77 0.02 ier n.s. 
Sugar, mg./100 c blood 71.28 70.74 0.54 Ce, *ugsabs n.s. 
Lactic acid, mg. 100 ee. blood 8.54 12.91 4.37 0.6928 0.9061 h.s. 
Inorganic phosphorus, 

mg./100 c blood 4.92 5.53 0.61 0.1066 0.1166 h.s. 
Chlorine, mg. /100 ce. blood 332.11 332.36 0.25 n.s. 
Alkaline reserve, 

M NaHC0Os/100 ce. plasma 1.12 0.78 0.34 0.3316 0.4196 i.s. 
Protein, Gm./100 cc. serum 7.97 7.50 0.47 0.3494 0.4436 j.h.s 
Calcium, mg./100 cc. serum 11.39 10.58 0.81 0.3494 0.4436 h.s. 

Urine 
Volume, liters 5.37 7.32 1.95 0.6978 0.9157 h.s 
Total nitrogen, Gm. 34.47 27.23 7.24 3.0749 4.1370 h.s 
Total chlorides, Gm. 24.60 13.16 11.44 2.0805 2.7894 h.s 


h.s. = highly significant; j.s. = just sig.; n.s. = not sig. 
The observed difference is regarded as significant or highlk significant according as it is greater than 
its critical value for P = 0.05 or P = 0.01. 
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be due to the relatively lower ingestion of 
these constituents from the diet. From 
table 4, it is shown that sodium and potas- 
sium intakes in the panters are almost 
half that in the controls and, since chlorine 
occurs in the diet largely in combination 
with sodium and potassium, it is quite rea- 
sonable to assume that the chlorine inges- 
tion of the panters was relatively low. The 
figures in table 3, similarly, show much 
lower intake of nitrogen by panters. The 
low chloride concentration in the urine may 
also be explained by this element being 
shifted to a channel of excretion other than 
the kidney, mainly perhaps through in- 
sensible perspiration. 


WATER METABOLISM AND DIGESTIBILITY 
COEFFICIENT 


The main purpose of this part of the 
work was to get an idea whether the ani- 
mals, in the face of such physical discom- 
fort, consumed the requisite amounts of the 
different nutrients and of water. It was also 
desired to ascertain whether any relation 
existed between blood composition (anemia 
and acid-base equilibrium) and food con- 
sumption. The high undetermined water 
balance (table 2) indicated that more water 
was being lost through other channels of 
excretion, e.g., lungs, skin, saliva. Since 
the total dry matter intake indirectly rep- 
resents the sum total metabolism or heat 
production, the ratio of water consumed to 
dry matter intake presents an estimate of 
the animal’s water requirement. In the 
panters, the ratio is higher, which means 
that, in proportion to dry matter intake, 
actual water consumption is high. This 
higher consumption by the panting animals 
is a peculiar physiologic demand and is re- 
flected in the higher respiration rate, neces- 
sitating a more than normal outgo of water. 
Perhaps the higher pulse rate in panters 
also corresponds to a larger loss of water 
by insensible perspiration. The figures for 
the ratios of the controls are practically the 
same as those noted by Forbes, Braman, 
Kriss, and Swift® and Ritzman and Bene- 
dict.15 It is evident that the digestibility 
coefficient of dry matter and organic nu- 
trients, especially crude fibre and nitrogen- 
free extract, was low in the diseased ani- 
mals (table 3). Thus, the rather low food 
consumption, together with impaired as- 
similation, may be one of the causal factors 
of the anemia in the panters. 


This result was confirmed from the data 
of another trial in 1945 (table 4), where 
the balance of intake and outgo of inorganic 
elements shows that the relatively higher 
positive balance among the control animals 
obviously is due to a larger intake of these 
constituents from their ration. The water 
balance determined from this trial confirms 
our previous observation of 1943. 


ENERGY METABOLISM 


From the results given in the first pa- 
per,!? it appears that the thyroids of pant- 
ers are smaller than normal. To test for 
thyroid activity, the total heat output was 
measured and a study was made of the 
effect of injecting thyroxine. 

The panting animals were giving out 
more heat (table 5). This observation sug- 
gests that, though the thyroids of panters 
are below normal size, they are still rela- 
tively hyperactive for the individual, espe- 
cially in the hot season. The rapid respira- 
tion and the pulse rate support this con- 
tention. 

It may be concluded that the administra- 
tion of a small excess of thyroxine to a nor- 
mal animal causes no noticeable effect 
(chart 1). In panters, however, the addi- 
tion of a small amount of thyroxine causes 
a large transient disturbance in metab- 
olism. It has been shown by Meyer and 
Wertz!! that thyroidectomized rats are 25 
times as sensitive to thyroidal stimulation 
as are normal animals. Thus, the increased 
sensitivity of cattle with panting disease to 
thyroxine stimulation may be a reflection 
of subnormal thyroid activity. On the other 
hand, as just seen, the heat production of 
panters proved to be above normal. Fur- 
ther work will be required for a logical in- 
terpretation of these findings. It is possible 
that there may be a critical threshold level 
of thyroid activity necessary for adaptation 
to higher environmental temperatures. The 
derangement in the animals under discus- 
sion might then be explained by a break- 
down of the mechanism for maintaining 
this critical level under extremely high tem- 
perature. From the two observations, we 
may deduce that there is an interference 
with the adrenal-thyroid mechanism and 
possibly also with the production of thyro- 
tropic hormone from the anterior pituitary. 
It is this which disturbs heat regulation. 
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During a period of four years, biochem- 
ical studies were made on normal (control) 
and diseased (panting) groups of cattle. 
The research involved blood and urine an- 
alyses, determination of digestibility co- 
efficients and energy metabolism, and chem- 
ical analysis of the bones. In the diseased 
animals, the red cell count, hemoglobin, red 
cell volume, mean corpuscular volume, mean 
corpuscular hemoglobin, alkaline reserve, 
and red cell diameter were low, and the 
same was true of serum protein, serum cal- 
cium, and the pH values of serum. On the 
other hand, inorganic phosphorus and lactic 
acid in the blood, white cell and reticulocyte 
counts were higher. The results suggest 
that the anemia of panters is microcytic in 
type and that affected animals also suffer 
from acidosis. The panting animals ex- 
creted more urine, but urinary nitrogen 
and chloride excretion were diminished. 
They consumed less food, especially dry 
matter, crude protein, crude fiber, and nitro- 
gen-free extracts, and the continued anemia 
is due mainly to insufficient intake of nu- 
trients. The water intake and undetermined 
water balance were higher in panters. More- 
over, the diseased animals showed a higher 
metabolism due to a hyperactive thyroid- 
adrenal mechanism. Chemical analysis of 
the bones showed no change. The blood 
constituents in 1942 were analyzed statis- 
tically to show the significance of the dif- 
ferences between the group means. 
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Effect of Sulfamethazine on Certain Infections 
of the Bovine Mammary Gland 


O. W. SCHALM, D.V.M., Ph.D., R. A. BANKOWSKI, D.V.M., Ph.D., 
R. W. ORMSBEE, D.V.M., and T. W. BROWNE, B.S. 


Berkeley, California 


FAVORABLE reports on the use of sulfa- 
methazine in the treatment of acute infec- 
tions of cattle, horses, and swine have re- 
cently appeared in the literature.’*.!° It is 
stated that the principal advantages of sul- 
famethazine in veterinary practice are its 
low toxicity and high plasma-binding prop- 
erties which facilitate the establishment of 
a sustained drug level in the blood from a 
single large daily dose.*:+:11 Since sulfa- 
methazine has been reported to have value 
in the treatment of certain acute diseases, 
it seemed to the authors that its usefulness 
for the treatment of infections of the bovine 
mammary gland should be determined. This 
paper reports the results of our trials. 


METHODS 


Clinical Material—Thpr trials were con- 
ducted in a self contained dairy herd of » out 
250 Holstein-Friesian cows which had been 
under observation for more than four years. 
A study of the bacterial flora of the udders of 
all cows both lactating and dry had been made 
at least every three months and, in addition, 
cows of current interest were studied at week- 
ly intervals. Mammary gland infections with 
Streptococcus agalactiae had been held at a 
minimum for sdme time, but coliform mastitis, 
caused primarily by Aerobacter aerogenes, 
posed a serious herd problem. In addition, 


Staphylococcus aureus and Pseudomonas 
aeruginosa were also isolated as_ etiologic 
agents. 


Bacteriologic Procedures.—These consisted 
of the Hotis test, the microscopic study of 
stained films prepared from incubated Hotis 
samples, and the study of colony characteris- 
tics resulting from streaked incubated Hotis 
samples on agar plates containing cow blood. 
The details for these procedures had been pre- 
viously described.’ Staphylococci that mani- 
fested evidence of toxin production® and also 
coagulated rabbit plasma’ were classified as 
Staph. aureus. Organisms of the coliform 
group were differentiated by the “imvic’’* 
method*® and their ability to ferment lactose 
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The sulfamethazine was supplied by the Lederle 


Laboratories, Pearl River, New York. 


*Imviec is a mnemonic which fixes in order the 


four tests now in greatest use in classifying coliform 
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and sucrose with or without gas production. 
Ps. aeruginosa was identified by its ability 
to produce the chloroform-soluble pigment, 
pyocyanin. 

Tests for Abnormality of the Milk.—The 
foremilk was examined for visible particles 
by using a strip cup and for evidence of in- 
crease in alkalinity by observing the color re- 
actions of the freshly drawn Hotis samples. 
The presence of leucocytes was determined by 
microscopic studies of stained films of the in- 
cubated Hotis samples. 

Therapy—Two methods of treatment were 
employed, namely, (1) a combination of paren- 
teral and oral administration and (2) intra- 
mammary infusion. When the former method 
was employed, the cows were given a portion 
of the dose intravenously (i.v.), employing a 
sterile, aqueous solution of sodium  sulfa- 
methazine (25% w/v) in order to establish an 
immediate sulfamethazine blood level. This 
was immediately followed by administering 
the drug orally (maintenance dose), using the 
less soluble sulfamethazine in the form of 
capsules or oblets. The maintenance dose was 
repeated at 24-hour intervals for the dura- 
tion of treatment. Cows which received intra- 
mammary infusions of the drug were given 
the sterile solution containing 10 or 25 per 
cent (w/v) of sodium sulfamethazine. In all 
forms of medication to lactating cows, the 
drug was given immediately following milking. 

Samples of milk and blood for determining 
the drug level were taken at the end of each 
period of time elapsing between doses. With 
this procedure, it is reasonable to assume that 
the concentrations of sulfamethazine in blood 
and milk reported herein constitute the lowest 
level of drug between doses. These concentra- 
tions are hereafter referred to as base levels 
of sulfamethazine. 

Sulfonamide Determination.—All concentra- 
tions were determined as free sulfamethazine. 
The concentrations in the blood and milk were 
determined by the method of Marshall and 
Bratton’ using 2 cc. samples of oxalated blood 
or milk diluted 1:20 with distilled water. A 
Cenco-Sheard-Sanford photelometer was em- 
ployed for measuring the color reactions. The 
bacteria, The quartet of tests referred to consists of: 

(I) indole production, 

(M) methyl-red reaction, 

(V) Voges-Proskauer test, 


(C) the utilization of citrate as 
source, 


a sole carbon 
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accuracy of the determinations was verified 
with numerous samples of blood and milk 
which gave 98 to 100 per cent recovery of 
added sulfonamide. 


EXPERIMENTAL 


Trial 1.—Ten lactating cows having 17 quar- 
ters infected with Staph. aureus, three quar- 
ters infected with A. aerogenes, and one quar- 
ter infected with Str. agalactiae were divided 
into two groups of 5 animals each. Cows of 
both groups received an initial dose of sodium 
sulfamethazine i.v. at the rate of 0.5 gr. per 
pound of body weight; in addition, a main- 
tenance dose of sulfamethazine was given 
orally at the rate of 1.0 gr. per pound of body 
weight to group 1, and at the rate of 1.5 gr. 
per pound of body weight to group 2. On the 
second and third days, the cows received the 
maintenance dose only. The cows were milked 
twice daily by machine, with 1 exception (cow 
1721) which was milked at eight-hour inter- 
vals. 


It is shown in table 1 that among the cows 
in group 1, nine quarters were infected with 
Staph. aureus and two quarters were infected 
with A. aerogenes. All remained consistent 
shedders during an observation period of three 
weeks after treatment. In group 2, eight 
quarters were infected with Staph. aureus, 
one was infected with A. aerogenes and an- 
other with Str. agalactiae. The quarters shed- 
ding Str. agalactiae and six of the eight quar- 
ters infected with Staph. aureus remained in- 
fected. The single A. aerogenes infection 
persisted for one week after treatment but, 
thereafter, the organism could not be recov- 
ered. 


Comparison of the strip cup findings, alka- 
linity of the milk and leucocyte counts before 
and after treatment failed to reveal evidence 
of significant clinical improvement following 
treatment with sulfamethazine. In fact, a 
majority of the infected quarters showed an 
increase in leucocytes in the milk after treat- 
ment . 


TABLE !|—Sulfamethazine Concentrations in Blood and Milk Following Intravenous and Oral Administration of 
the Drug to Lactating Cows and the Effect of These Concentrations of the Drug upon Certain Bacteria! 


Infections of the Mammary Glands* 


* tet 
* ~ Condition of No. times positive 
S 2 milk at time in 3 weekly tests Mg. sulfamethazine per 100 cc. 
S of of first dose:+ after treatment: milk/blood 24 hours after: 
@ Es 
© & AS n < Milk Blood Mik Blood Milk Blood 
1017 RR S§ 9 — + + 3 0 0 2 2.53 7.20 2.53 7.45 2.82 7.50 
LF A 3 g 1 1 1 2.34 2.55 2.73 
1098 LR 8 7 3 0 0 0 2.90 8.90 2.92 9.90 3.39 10.15 
1426 RF § 4 + 3 0 0 0 2.09 2.22 : 2.54 
RR A 3 + = 3 1 0 2 2.15 6.45 2.32 7.25 2.50 7.10 
I LF 3 0 0 0 2.10 2.20 2.47 
1639 RF § 4 _ 3 0 2 1 3.45 3.17 3.85 
LF S§S 2 - - - 3 0 0 1 3.40 8.40 3.10 8.30 3.24 8.84 
LR § 2 — — 3 0 1 0 3.48 3.25 3.10 
1721t RR 5 + 0 1 2 2.53 9.30 1.85 6.45 1.93 6.45 
LF Ss 3 0 0 1 2.50 1.75 1.91 
1170 RF Str.l1wk. — + — 3 0 2 1 3.92 6.65 3.90 9.80 4.43 11.72 
LF §s 3 joe she oars 3 0 0 0 3.80 3.90 4.19 
1116 RF § 3 — oe 4+ 3 0 1 2 5.02 6.30 6.55 
LF A 6 — - = 1 0 0 2 4.20 11.80 5.70 14.60 6.51 15.64 
[a sf 2 - + _ 3 0 0 2 4.35 5.60 6.53 
Il 1475 RR Ss 4 — 0 0 0 0 3.80 10.40 4.23 13.35 6.79 14.78 
0 0 0 3.97 4.55 7.10 
1488 LF Ss 4 + + + 3 0 1 2 3.42 9.21 5.22 13.35 7.25 16.60 
4 - 3 0 0 1 3.40 5.22 7.11 
1499 RR §S 2 + + + 3 0 9 0 5.95 14.60. 6.45«16.20 7.51 18.60 
*Group I received i.v. on the first day 0.5 er. of sodium sul’amethazine per pound of body weight and 


by mouth 1.0 gr. of sulfamethazine per pound of body weight. Only the oral dose was given on the second 


and third days. 


Group IJ same as group I except oral dose was increased to 1.5 gr. of sulfamethazine per pound of 


body weight. 
**S = Staph. aureus; A= A. 
+— = negative or normal; 


aerogenes; Str. 


Str. agalactiae. 
+ = positive or abnormal. 


tCow 1721 milked three times daily at eight-hour intervals. All ether cows milked twice daily. 


58 


ScCHALM—BANKOWSKI—ORMSBEE— BROWNE 


Am. J. VET. REs. 


It was observed that the base levels of sul- 
famethazine in both blood and milk were 
higher in cows of group 2 than in those of 
group 1 and, in the former group, the base 
levels increased with each succeeding dose of 
sulfamethazine, whereas, among the cows in 
the latter group. the respective base levels 
remained more or less constant throughout 
the treatment period. The average sulfa- 
methazine base level during the three-day 
period of treatment was 2.66 mg./100 cc. of 
milk and 7.97 mg./100 cc. of blood in group 1, 
whereas, in group 2, it was 5.23 mg. and 13.12 
mg./100 cc., respectively. 

Since intravenous and oral administrations 
of sulfamethazine in the amounts employed did 
not produce a significant number of cures, it 
was conjectured that intramammary infusions 
might be more effective. 

Trial 2.—Seven cows having five quarters 
infected with Staph. aureus and five quarters 
infected with A. aerogenes were selected for 
treatment by intramammary infusion. Five 
cows were milked three times daily at eight- 
hour intervals, and 2 cows were milked once 
daily at noon, the latter being in the drying- 
off process. Infusions of 50 cc. of a 25 per 
cent aqueous solution of sodium sulfametha- 
zine were administered to each infected quar- 


ter at noon and at 8 p. m. for three days. This 
made it possible to observe the difference be- 
tween base levels of sulfamethazine after 
lapses of eight and sixteen hours in quarters 
that were being milked at both eight- and 
twenty-four-hour intervals. 
In table 2, it is shown that following intra- 
mammary infusions all of the quarters infected 
with Staph. aureus and four of the five shed- 
ding A. aerogenes remained infected. The 
one quarter from which A. aerogenes disap- 
peared was found to be shedding Staph. 
aureus after the treatment. The base levels 
of sulfamethazine in the milk, eight hours 
after intramammary infusions of 12.5 Gm. of 
sodium sulfamethazine, were extremely er- 
ratic; they ranged from 1.43 to 22.4 mg./100 ce. 
in quarters milked three times daily, and from 
4.99 to 38.50 in quarters milked once daily. 
At the end of sixteen hours following intra- 
mammary infusion, the levels had fallen to be- 
tween 0.27 and 2.75 mg./100 cc. of milk. These 
results suggest that the intramammary infu- 
sion of sodium sulfamethazine is not a satis- 
factory method for producing sustained levels 
of sulfamethazine in the mammary gland. 

The infusions caused a marked alteration 
of the milk, especially the foremilk. Visible 
particles varying in size from small flakes to 
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Fig. |—Sulfamethazine concentrations in blood and milk of a normal dry cow following intravenous and oral 
administration of the drug. 
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shreds or clots several inches in length were 
observed. This condition was most  pro- 
nounced following the first infusions and ap- 
peared to lessen in intensity with each suc- 
ceeding infusion. There was considerably less 
evidence of an altered milk at the noon milking 
(16 hours after infusions) than at the 8 p. m. 
and 4 a. m. milkings (8 hours after infusions). 
Except for a transient edema of some of the 
treated quarters following the first infusion, 
the parenchyma did not become seriously in- 
volved. More quarters were positive to tests 
for alkalinity and abnormal leucocyte counts 
after treatment than prior to medication. Milk 
weights before, during, and after treatments 
presented no evidence that the total milk pro- 
duction was affected by the infusions. 

Trial 3.—Failure to obtain encouraging re- 
sults in the first two experiments in lactating 
cows led us to extend the investigations to in- 
clude dry cows. A noninfected dry cow was 
given sulfamethazine in a single dose at noon 
on each of three successive days. On the first 
day, the animal received sodium sulfametha- 
zine i. v. at the rate of 1.5 gr. per pound of 
body weight and in addition 1 gr. per pound 
of body weight per os. On the second and 
third days, a maintenance dose of 1.0 gr. 
per pound body weight was given. Blood and 
samples of udder contents were collected 19 
times during a period of 168 hours (fig. 1). 
The lowest base levels found during an 80-hour 
period following the initial dose was 14.82 mg. 


of sulfamethazine/100 cc. of blood and 7.80 
mg./100 ce. of udder contents. This indicated 
that, with the dosage employed, high drug 
levels could be maintained in blood and udder 
contents of dry cows. This dosage was then 
used on infected dry cows. 


Two cows, (1657 and 1276) previously 
treated in trial 2, were dry and available for 
retreatment. Cow 1657 was at this time shed- 
ding Staph. aureus from three quarters. Cow 
1276 was infected in one quarter with the same 
pathogen. In addition, 2 dry cows shedding 
A. aerogenes from a total of three quarters 
were available. 


Table 3 shows that the method adopted for 
the treatment of infected dry cows will pro- 
duce a high, sustained base level in the blood 
and milk, but even in the presence of such con- 
centrations of sulfamethazine only two of the 
seven infected quarters were probably ben- 
efited. Staphyloccus aureus disappeared at 
least temporarily from the milk of cow 1276 
but this pathogen persisted in the three quar- 
ters of cow 1657. Aerobacter aerogenes disap- 
peared from the single infected quarter of 1 
cow but persisted in the two infected quarters 
of the other. 


Six more dry cows, each with one quarter 
infected with Staph. aureus were similarly 
treated, except that with 3 of the cows the oral 
or maintenance dose was continued for a total 
of five days instead of three days. All six in- 


TABLE 2—Sulfamethazine Concentrations in Milk, Eight and Sixteen Hours Following Intrammary Infusions of 12.5 
Gm. of Sodium Sulfamethazine and the Effect of These Concentrations of the Drug upon 
Staphylococcus Aureus and Aerobacter Aerogenes Infections* 


Mg. sulfamethazine per 100 ce. 


. Condition of No. times positive 
milk at time in 3 weekly tests milk 16/8 hours after 
ee of Ist infusion? after treatment intramammary infusion 
= $3 238 & 
& @ Se 86 tum 
CG As < day 2nd day 3rd day 
927 70 RR A 2 - + + 3 0 1 3 3.18 1.80/ 4.40 2.32/ 7.46 
1719 45 RR A 1% _ — — 3 2 1 2 1.10/ 3.04 1.81/ 2.58 
LR A 1% 4 4. 3 0 0 2 9.53 1.20/ 8.20 0.98/ 2.50 
1675 43 RF A 3 a 0 0 2.76 0.57/ 9.30 0.41/ 1.80 
RR S 7 a —- 3 ( 0 1 16.90 0.48/10.04 0.60/ 3.50 
1465 70 RR A 2 3 1 1 1 x 0.45/ 3.60 0.27/ 1.43 
1721 41 RR S 6 — + + 3 ( 3 3 12.56 1.12/22.40 1.30/ 9.10 
LF 8 6 - ay + ( 3 3 x 0.70/ 5.10 1.45/ 5.00 
1276 dry- LR S 7 4 0g o 3 0 0$ Of 4.99 1.00/33.75 2.75/ 6.80 
ing 
1657 dry- LR S 6 } 08 Og 3 0 0§ 0§ x 1.52/38.50 1.38/18.18 
ing 
” ‘*iach infusion cons's‘ed of 50 cc. of 25 per cent aqueous solium sulfamethazine. 


— A, aerogenes; S= 8. aureus. 


+— = negative or normal; + = positive or. abnormal. 
tThis quarter was shedding Staph. aureus after treatment. 


§No test made because milk during drying off period normally increases in alkalinity 


content. X = No analysis. 


and leucocyte 
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fected quarters, however, continued to harbor 
Staph. aureus. 

Miscellaneous Trials—Two cases of acute 
mastitis caused by A. aerogenes were also 
treated in the course of our studies. The first, 
cow 1719, had received intramammary infu- 
sions in trial 2 without being cured. One 
month later, her left rear quarter became 
swollen and painful and the animal quickly de- 
veloped a severe systemic reaction manifested 
by inappetence, dehydration, complete cessa- 
tion of lactation, and a rapid loss of weight. 
As soon as it was observed that a systemic 
reaction was developing, the cow was given 
an i. v. dose of sodium sulfamethazine at the 
rate of 1.5 gr. per pound of body weight and, 
in addition, an oral dose of 1.0 gr. per pound 
of body weight. The oral dose was repeated 
on the second and third days. No noticeable 
benefit was observed from this treatment. 

The second case occurred in cow 1686 imme- 
diately after calving. Acute mastitis developed 
in the left rear quarter and A. aerogenes was 
the only pathogen found in the exudate. A 
systemic reaction identical with that observed 
in cow 1719 occurred. The same treatment 
was used, and again no beneficial effects were 
observed. Both cows survived, but since they 
were emaciated and unprofitable they were 
eliminated from the herd. 

A case of chronic mastitis caused by A. 
aerogenes was treated by intramammary infu- 
sion using twice the dosage employed in trial 2. 
The cow had been infected in the right front 
quarter for seven months. The milk intermit- 
tently had been visibly abnormal, alkaline in 
reaction, and contained excessive numbers of 
leucocytes. During one of the periodic flare- 
ups, the quarter was infused with 250 cc. of a 
10 per cent aqueous solution of sodium sulfa- 
methazine twice daily for three days at twelve- 
hour intervals. A temporary improvement of 
the clinical condition followed, but the quar- 


TABLE 3—Sulfamethazine Concentrations in Blood and 
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ter continued to shed the pathogen and the 
flare-ups recurred. 

Three quarters, involving 2 cows, which had 
been infected with Ps. aeruginosa for sixty- 
eight, seventy-four, and one hundred and 
twenty days, respectively, were infused with 
250 cc. of a 10 per cent solution of sodium sul- 
famethazine 8 times at twelve-hour intervals. 
In each case, the infection persisted after 
treatment. 


DISCUSSION AND SUMMARY 


Welch, et al.,4 have stated that 5 mg. and 
preferably above 8 mg. of a sulfonamide 
per 100 cc. of blood should be maintained 
twenty-four hours a day to effectively treat 
bacterial infections. If such levels are ef- 
fective against generalized infections, it 
might be assumed a priori that similar drug 
levels established in the mammary gland 
would likewise be effective against the bac- 
terial residents of the udder. In the trials 
reported herein with sulfamethazine in bac- 
terial infections of the mammary gland, the 
goal was to produce drug levels of 8 mg. or 
more/100 cc. of udder secretions and to 
maintain these concentrations for a mini- 
mum of three days. 

The first trial was conducted on 10 lac- 
tating cows which were divided into two 
groups composed of 5 animals each (table 
1). The cows in group 1 received sulfa- 
methazine i.v. at the rate of 0.5 gr. per 
pound of body weight, and orally 1.0 gr. per 
pound of body weight on the first day. On 
the second and third days only the oral dose 
was given. The average base levels of sul- 
famethazine in milk and blood were, respec- 
tively, 2.68/8.05 on the first day, 2.53/7.87 
on the second day, and 2.77/8.0 on the third 


Udder Contents Following Intravenous and Oral Admin- 


istration of the Drug to Dry Cows, and the Effect of These Concentrations of the Drug upon 


Staphylococcus Aureus and Aerobacter Aerogenes Infections* 


Minimum Sheddin 
time Pants Mg. sulfamethazinet per 100 cc. in 
Type of infected weeks after udder contents/blood 24 hr. after: 
Cow Quarter infection** (mo.) treatment lst dose 2nd dose 3rd dose 
831 RR A 1 No 11.32/18.00 9.10/16.10 9.96/20.80 
1276 LR Ss 8 No 13.70/20.72 11.66/17.30 11.10/19.36 
1597 RF A 20 Yes 8.40/19.06 7.36/17.18 7.78/18.92 
LF A 3 Yes 
1657 RF ly Yes 14.50/24.32 13.14/21.50 12.58/22.10 
RR Ss 7 Yes 
LR Ss 7 Yes 
*First day given 1.5 gr. per pound of body weight intravenously and 1.0 gr. per pound of body weight 
orally. Second and third days given oral dose only. ' 
**A — A. aerogenes; S= Staph. aureus. 


¢Sulfamethazine concentrations in udder contents were determined on composite samples. 
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day. In this group of cows, nine quarters 
were infected with Staphylococcus aureus 
and two quarters were infected with Aero- 
bacter aerogenes, all of which remained in- 
fected following treatment. The cows in 
group 2 were treated in the same manner 
as those in the former group with the excep- 
tion that the oral dose was larger, consist- 
ing of 1.5 gr. per pound of body weight. 
The average base levels of sulfamethazine 
in the milk and blood were, respectively, 
4.18/10.53 on the first day, 5.11/13.46 on 
the second day, and 6.40/15.47 on the third 
day. The one quarter recently infected with 
Streptococcus agalactiae and six of eight 
quarters infected with Staph. aureus con- 
tinued to shed these pathogens after treat- 
ment. One quarter infected with A. aero- 
genes remained infected for one week and 
then became negative. A comparison of the 
base levels produced in these two groups of 
cows shows that an oral dose of 1 gr. per 
pound of body weight given in addition to 
the initial i.v. dose maintained uniform sul- 
famethazine base levels, whereas an oral 
dose of 1.5 gr. per pound of body weight 
produced higher initial base levels which in- 
creased following each successive treatment. 

Failure to produce base levels of sulfa- 
methazine above 8 mg./100 cc. of udder 
secretion by the combined parental and oral 
administration of large daily doses of the 
drug led to a trial in which the sulfonamide 
was infused into infected quarters of lac- 
tating cows via the teat canal. Fifty cubic 
centimeters of a sterile 25 per cent sodium 
sulfamethazine solution was infused into 
each of ten infected quarters at noon and 
again at 8 p.m. on each of three successive 
days. Eight hours following each infusion, 
the sulfamethazine »ase levels in the milk 
in the individually treated quarters showed 
a marked variation and in all cases, the 
drug concentration fell to very low levels by 
the sixteenth hour (table 2). Five quar- 
ters infected with Staph. aureus remained 
infected and four of five quarters infected 
with A. aerogenes continued to shed this 
pathdgen following treatment. It was ap- 
parent that intramammary infusion of 12.5 
Gm. of sodium sulfamethazine twice daily 
was not adequate to produce sustained high 
levels of sulfonamide in the milk. 

In another trial, twice this dosage was 
used. One quarter harboring a chronic in- 
fection with A. aerogenes was treated with 
250 cc. of 10 per cent (w/v) sodium sulfa- 


methazine (25 Gm.) six times at twelve- 
hour intervals, and three quarters with 
chronic infections of Pseudomonas aerugi- 
nosa were infused with the same amount 
eight times at twelve-hour intervals. The 
infections in these four quarters also per- 
sisted following treatment. 

It was found that sulfamethazine levels 
between 7.80 mg. and 14.82 mg./100 cc. of 
udder contents could be maintained in a 
normal dry cow by giving an initial intra- 
venous dose of 1.5 gr. per pound of body 
weight followed by an oral maintenance 
dose of 1 gr. per pound of body weight for 
three days (fig. 1). Since this dosage ap- 
proached a more desirable drug concentra- 
tion in the udder contents, it was applied to 
4 infected dry cows. During the three-day 
period of treatment of these animals, the 
lowest base !evel in the udder voutents was; 
7.36 mg./100 cc., and the maximum base 
level was 14.50 mg./100 ce. (table 3). There 
were four quarters infected with Staph. 
aureus and three quarters infected with A. 
aerogenes of which only one quarter with 
each type of infection was cured. The same 
dosage was repeated on 3 other dry cows 
each with one quarter infected with Staph. 
aureus and, incidentally, 2 lactating cows 
which developed acute coliform mastitis 
were treated in the same manner. No ben- 
efit was observed following treatment in 
any of these animals. Finally, 3 additional 
cows, also each with one quarter infected 
with Staph. aureus, were similarly treated 
with the exception that the sulfamethazine 
administration was continued for five days 
rather than three days. These quarters like- 
wise continued to shed Staph. aureus after 
treatment. 

Sulfamethazine not only failed to remove 
specific bacterial infections representing 
both gram-positive and gram-negative or- 
ganisms from the mammary gland but like- 
wise failed to improve udder health as 
shown by a comparison of strip cup find- 
ings, alkalinity, and leucocyte counts in the 
milk before and after treatment. 

Certain observations made on the phar- 
macodynamics of sulfamethazine excretion 
from the udder are of interest. Sulfameth- 
azine concentrations in the milk of indivi- 
vidual quarters of the udder were compara- 
tively uniform and therefore composite milk 
samples are as satisfactory for sulfametha- 
zine determinations as separate samples 
from individual quarters. Comparison of 
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the ratios between sulfamethazine base 
levels in milk and blood leads to the ob- 
servation that, on milking three times daily, 
the milk levels were 25 to 30 per cent of the 
blood levels; on milking twice daily, the 
milk levels ranged between 30 and 40 per 
cent of the blood levels; and, in dry cows, 
with no evacuation of the udders, the levels 
in the mammary contents ranged between 
50 and 60 per cent of the corresponding 
blood levels. This suggests that the fre- 


quency of evacuation of the udder during 
treatment influences the concentration of 
sulfamethazine in the milk. 


CONCLUSIONS 


As a result of these trials, it is concluded 
that sulfamethazine is ineffective for the 
treatment of infections of the mammary 
gland caused by Staphylococcus aureus, 
Aerobacter aerogenes, and Pseudomonas 
aeruginosa. 
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Sulfamethazine Blood Concentrations in Calves 


C. R. SCHROEDER, D.V.M., MARK WELSH, D.V.M., 
ROBERT L. BURKHART, V.M.D., and PETER H. LANGER, V.M.D. 


Pearl River, New York 


SUCCESSFUL sulfonamide: therapy is de- 
pendent upon a sound knowledge of the ad- 
vantages and limitations of these drugs, and 
the rate of absorption and excretion, bac- 
teriostatic range, and toxicity. To obtain 
optimum effectiveness, it is essential to 
maintain maximum concentrations of a sul- 
fonamide in the blood and tissues, short of 
toxicity, until the infection is overcome. It 
is impractical, if not impossible, for the 
practitioner to make blood concentration de- 
terminations in animals that are being 
treated with sulfonamides. It is felt that, if 
maximum blood concentrations are present- 
ed which show no tendency toward accumu- 
lation in the normally hydrated animal, the 
veterinarian can set up a suitable dosage 
schedule to meet the immediate need. 


per cent 


= 
424686272448 448 


4 8 


0, 
Hrs. 1 
Days 1 2 


First day: % er./lb. of body weight, i.v., + 1 
zr./lb. of body weight per os. Second and subse- 
quent days: 1 gr./lb. of body weight, per os. 


Fig. |—Sulfamethazine blood levels in calves. 


LITERATURE 


The findings in a study’ on the fate of a fixed, 
low, oral dose of each of seven sulfonamides in 


The authors are indebted to Messrs. Harry 
Mundle and S. C. Griffith, of the Animal Industry 
Section, for aid in the conduct of the program, and 
to Mr. S. Senn, of the Analytical Section, Lederle 
Laboratories Division, American Cyanamid Com- 
pany, for sulfonamide analyses. 


seven species of animals demonstrated that 
the sulfamerazine and sulfamethazine pro- 
duced the highest and most persistent blood 
concentrations, and that sulfamethazine gen- 
erally maintained higher blood concentrations 
for a longer period than the other sulfona- 
mides tested. Scheidy and Tillson* reported 
that, following a single dose administered 
either parenterally or orally in cattle, sulfa- 
methazine produced the highest concentrations 
of free sulfonamide in plasma in comparison 
with sulfadiazine and sulfamerazine, that per- 
sisted at appreciable levels through twenty- 
four hours. Maclay and Slavin* found that, 
in cattle, sulfamethazine produced the high- 
est blood concentrations of several sulfona- 
mides tested, and that, to maintain approxi- 


Mg. per cent 


Hrs.1 4 8 244 8&8 2 4 8 2 4 8 24 
Days 2 3 


First day \% gr./lb. of body weight, iv., + % 
ger./lb. of body weight, per os. Second and subse- 
quent days: \% egr./lb. of body weight, per os. 


Fig. 2—Sulfamethazine blood levels in calves. 


mately equal concentrations, lower dosages of 
sulfamethazine were necessary than of sulfa- 
merazine or sulfapyridine. 

A series of investigations was instituted in 
several species of animals with sulfamethazine 
administered at various dosages and by vari- 
ous routes. The results*® indicated that a sin- 
gle, nontoxic dose of the drug will maintain 
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therapeutic concentrations in the blood for 
twenty-four hours. The work reported here 
is a continuation of this series, and shows 
blood concentrations of sulfamethazine ob- 
tained in normal calves. 


Hours 1 4 §$ 12 244 6 12 @ 4 8 I2 2 


Days i 2 3 

First day 1 gr./ib. of body weight in milk. 
Second day: % er./Ib. of body weight in milk. 
Third day: % gr./ib. of body weight in milk. 


Fig. 3—Sulfamethazine blood levels in calves. 


PROCEDURE 


Four studies were instituted to determine 
sulfamethazine blood concentrations following 
once-a-day parenteral and oral administration. 
Normal calves of both sexes and various 
breeds, between 2 and 3 months of age, and 
weighing from 85 to 140 lb., were used. 

Sodium sulfamethazine 25 per cent w/v 
sterile solution was used for parenteral ad- 
ministration. For oral administratoin sulfa- 
methazine powder was placed in gelatin cap- 
sules. Blood samples for sulfonamide deter- 
mination were taken at definite intervals on 
each day of the tests. Sulfonamide deter- 
minations were made according to a modifi- 
cation’ of the Bratton-Marshall method. 


EXPERIMENTAL 


Experiment 1.—Results of trials in other 
species of animals have shown that a dosage 
of 1% gr. per pound of body weight on the 
first day, and 1 gr. per pound of body weight 
on subsequent days will maintain maximum 
blood concentrations. Therefore, this dosage 
was administered to 3 calves for four days. 
Of the initial dose, % gr. per pound of body 
weight was administered intravenously to 
establish an immediate high blood level, and, 
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simultaneously, 1 gr. per pound of body weight 
was given orally. Subsequent dosage was ad- 
ministered orally at 24-hour intervals. 

A summary of the blood concentrations ob- 
tained is shown in figure 1. A prompt, effec- 
tive concentration was attained following in- 
travenous administration, which continued to 
rise as the orally administered drug was 
absorbed. The concentrations continued to rise, 
however, following each subsequent dose. This 
cumulative tendency in young animals has been 
noted by Jones’’™ in his work with sulfona- 
mides in calves, and in a previous experiment‘ 
in our own laboratories. While no toxic re- 
actions were noted in this experiment, it must 
be pointed out that the work here reported was 
done in‘normal calves and that, in the sick 
calf, when dehydration is a problem, this ten- 
dency is greater. One must be sure, therefore, 


that fluid intake is adequate. 

Experiment 2.—Following the results ob- 
tained in experiment 1, the dosage was de- 
creased to 1 gr. per pound of body weight on 
the first day, and % gr. per pound of body 
weight on subsequent days, and administered 
to 3 calves. Half of the initial dose was ad- 
ministered intravenously and half orally, fol- 
lowed thereafter by oral doses. 

Figure 2 summarizes blood concentrations 
obtained. An initial high concentration was 
attained which, shortly thereafter, showed the 
effects of the absorption of the orally admin- 
istered drug. At this dosage, effective levels 
were maintained throughout the four days of 
the test. 

Experiment 3.—Sodium sulfamethazine was 


14,— 


Mg. per 100 cc. 
T T 
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Hour 14 8 12 244 8 12 “A4 8 12 24 
Day 1 2 3 


Average of 4 calves about 2 months old 


Dose first day: 1 gr./lb. of body weight, sub- 
cutaneous administration. Second and third days: 
i? gr./lb. of body weight subcutaneous administra- 
ion. 


Fig. 4—Free sulfamethazine blood concentrations in 
calves. 
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added to milk at a dosage of 1 gr. per pound 
of body weight on the first day and % gr. per 
pound of body weight on the second and third 
days, and fed to 2 calves. Figure 3 is a sum- 
mary of concentrations obtained. One hour 
after administration, concentrations of ap- 
proximately 10.5 mg./100 cc. of blood were re- 
corded. The peak reading on the first day of 
14.8 mg. was made at the fourth hour. Blood 
concentrations decreased thereafter to a low 
of 9.9 at twenty-four hours. After each suc- 
ceeding dose, levels rose again to slightly less 
than the maximum, and therapeutically effec- 
tive levels were maintained throughout the 
period of the test. 

Experiment 4.—The same dosage as that 
used in the previous test was administered 
subcutaneously to 4 calves. Figure 4 shows 
blood concentrations obtained. A prompt high 


concentration of 8.8 mg./100 ce. of blood was 
recorded at one hour. This continued to rise 
to a peak recording of 12.8 mg. at the fourth 
hour, persisted through the eighth hour, and 
was followed by a gradual decrease through 
the twenty-fourth hour. Concentrations rose 
again following each subsequent dose, and 
effective levels were maintained throughout 
the period of the test. 

No untoward local effect was experienced 
following the subcutaneous injection of this 
highly alkaline preparation. Not more than 
4 or 5 cc. were injected at each site, and the 
area was gently massaged to distribute the 
solution in the subcutaneous tissues. Slow ad- 
ministration is necessary in intravenous ther- 
apy to avoid immediate reactions because of 
the alkalinity of the material. 


DISCUSSION 


The results of these experiments indicate 
that sulfamethazine administered at a 
dosage of 1 gr. per pound of body weight 
on the first day, and % gr. per pound of 
body weight on the second and subsequent 
days, will maintain effective blood concen- 
trations in calves. Especially in the sick, 
dehydrated, young animal, the drug may 
tend to accumulate on dosage above 1 gr. 
per pound of body weight. As in other 
species, effective blood concentrations per- 
sist on once-a-day administration at non- 
toxic dosage. 

There was no evidence of macroscopic or 
microscopic hematuria, inappetence, or 


blood changes in any of the animals at the 
dosages used. 


SUMMARY 


1) Sulfamethazine was administered to 
normal calves, parenterally, orally, and by 
combinations of the two routes, and blood 
concentration determinations were made at 
regular intervals after administration. 

2) All methods of administration result- 
ed in the attainment of blood concentrations 
considered to have optimum bacteriostatic 
effectiveness. 

3) On the basis of the results of these 
studies, the dosage of 1 gr. per pound of 
body weight on the first day, and 4% gr. per 
pound of body weight on subsequent days, 
administered once a day, would be indicated 
for optimum therapeutic results. 

4) As is true of other sulfonamides, 


lower dosage than is recommended for 
adults should be administered to very young 
animals, as there is a tendency for the drug 
to accumulate on high dosage. 
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Studies on Vehicles for Sustaining Penicillin 
Levels in the Bovine Mammary Gland 


E. J. FOLEY, A. W. STULTS, D.V.M., S. W. LEE, PH. D., J. V. BYRNE 


Princeton, New Jersey 


THE STUD:ES of Kakavas,! Bryan, et al.,? 
Murphy and Pfau,* Slanetz and Allen,* 
Schalm and Casselberry,® Barker,* 
Murnane,’ Bryne, et al,® Thorp, et al,!® 
Spencer, et al,!! and Porter, et al'? have 
established that penicillin is a valuable 
agent for the treatment of Streptococcus 
agalactiae mastitis. On the whole, best re- 
sults have been obtained when repeated 
treatments have been given at twelve- or 
24-hour intervals. Thus, Murphy and Pfau* 
and Schalm and Casselberry® cured an aver- 
age of from 75 per cent to 100 per cent of 
all quarters treated by using treatment 
schedules which provided a continuous level 
of penicillin within the udder for from three 
to five days. 

In contrast to this, Porter et al,!* study- 
ing the effect of single dosages of various 
quantities of penicillin, found that 43 per 
cent of 30 quarters treated with 1,000 units, 
53 per cent of 30 of those treated with 15,- 
000 units, and 63 per cent of 30 treated 
with 100,000 units were cured. 

The relationship between growth of 
streptococci and the bactericidal action of 
penicillin has been previously discussed by 
us.'3 It was pointed out that, since penicil- 
lin has a fissibactericidal action,'* it is to 
be expected that streptococci which are 
multiplying will be killed quickly and those 
in a dormant or nondividing state will re- 
main unaffected. It was pointed out that 
0.5 unit of penicillin per cubic centimeter of 
milk constitutes an efficient therapeutic 
level for multiplying streptococci and a 
thousandfold or greater concentration was 
of no advantage, since killing is dependent 
upon susceptibility of the streptococci, 
which in turn is dependent upon the phase 
of growth of the organism. It is obvious 
that if an infected quarter is to be cured, 

This study was conducted at the Wallace Labora- 


tories, Inc., Princeton, N. J. 
Dr. Stults is from Hopewell, N. J. 


complete evacuation of viable streptococci 
must be accomplished. This fact imposes 
another requisite for any successful treat- 
ment procedure, for, in order to be really 
efficient, the drug must be dispersed 
throughout the milk duct system of the in- 
fected quarters and not be confined to the 
cistern area. 

These facts offer an explanation of why 
better clinical results are obtained when 
repeated doses of penicillin are given in 
aqueous vehicles than when single aqueous 
penicillin treatments are used. Better dis- 
persion of the drug throughout the gland is 
probably obtained by repeated infusions at 
successive milkings, and in cases where sin- 
gle injection treatments were successful, 
the streptococci probably were in the active 
growth phases, and thus were maximally 
susceptible. 

The persistence of penicillin in the udder 
following instillation in aqueous vehicles 
has been studied by Weirether, et al, 15 
Murnane,’ Schofield,!® Stevenson,? Schalm,18 
Schalm and Casselberry,® Thorp, et al,!° and 
Spencer, et 


The studies of Schalm and Casselberry 
may be taken as typical. They found that 
the concentration of drug per cubic centi- 
meter of milk twelve hours following infu- 
sion of penicillin in aqueous vehicles is de- 
pendent upon the amount given, the rate of 
absorption, and the volume of milk se- 
creted. Furthermore, they found that “the 
volume of milk secreted by the quarter re- 
ceiving treatment has a greater influence 
on the efficacy of the penicillin infusions 
than the extent of tissue damage.” It has 
been repeatedly found®. 1%. 1.17 that quan- 
tities in excess of one unit per cubic centi- 
meter of milk are present twelve hours fol- 
lowing instillation of 20,000 or more units 
of penicillin. A significant quantity is still 
Similar re- 


present at twenty-four hours.® 
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sults were obtained by Barnum,'§ who com- 
pared penicillin levels in the milk of lac- 
tating quarters following the insertion of 
water-soluble bougies containing 25,000 
units of penicillin with those following in- 
stillation of 25,000 units in water. 


EXPERIMENTAL 


In order to overcome the disadvantages in- 
herent in the current method of treatment 
with penicillin in aqueous vehicles, it wées 
necessary to devise some means by which 
penicillin injected into the udder as a single 
dose could be retained for extended periods 
of time. It was reasonable to expect that if 
this could be accomplished a greater percent- 
age of cures following a single injection could 
be expected or, in instances where repeated 
instillations are indicated, the number and 
frequency of treatments could be reduced, 
thus simplifying the problem of veterinarians 
engaged in mastitis control work. 


Oils of various kinds, and oils in combina- 


tion with waxes, have been used to transport 
various medicaments, including penicillin,” ” 
into the udder for the treatment of mastitis. 
Such vehicles have the advantage of being 
mild and act as convenient means of in- 
stilling water-insoluble drugs. They have no 
specialized attributes, however, other than 
their insolubility and flotation properties. In 
the instance of penicillin, it was conceived 
that a specialized vehicle would extend the 
time interval over which penicillin will remain 
in effective concentration in the udder follow- 
ing a single treatment. By inverting penicil- 
lin in the water phase of water-in-oil emul- 
sions, the rate at which penicillin is released 
could be reduced by a~simple physical 
process. In such an emulsion, penicillin is 
more efficiently transported high into the 
alveoli of the udder by negative geotropism 
than is the case when an aqueous vehicle is 
used. 

Two water-in-oil vehicles were prepared 
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containing water and mineral oil emulsified 
with lanolin derivatives in which penicillin 
could be dissolved for intramammary injec- 
tion through the teat canal. Vehicle A con- 
tained mineral oil, water, and lanolin deriva- 
tives, and vehicle B contained these in addi- 
tion to a small quantity of propylene glycol 
and a nonionic wetting agent. 

After it was established that the vehicles 
were without clinical irritating effects when 
injected into the udders of dry or lactating 
cows, a series of experiments was conducted 
to study their comparative ability in maintain- 
ing a satisfactory penicillin level over that 
of an aqueous vehicle. These experiments 
were made using quarters of noninfected 
cows in full lactation, infected cows in full 
lactation, and dry cows. One hundred thou- 
sand units of crystalline sodium penicillin 
were dissolved in 20 cc. of the various vehicles 
and injected via the teat canal of the cows 
following milking. Penicillin assays were 
made by conventional plate culture methods, 
with Staphylococcus aureus as the test organ- 
ism, using fore milk withdrawn at twelve-hour 
intervals from quarters previously treated. De- 
tails of such experiments are shown in table 1. 

The data in table 1 show that higher and 
significantly more persistent therapeutic lev- 
els of penicillin are maintained in the udder 
when the drug is administered in the water- 
in-oil vehicles, than is possible when an aqueous 
vehicle is used. 

The levels obtained following a single in- 
jection of penicillin in water are in the range 
of those obtained by Shalm,® Schalm and Cas- 
selberry,® Thorp, et al,” Barnum,” Spencer, 
et al,” and Stevenson,” who conducted sim- 
ilar experiments. Whereas, more persistent 
levels are obtained by using vehicle A as com- 
pared to water, still better results are ob- 
tained with vehicle B. It is possible that the 
sustenance of therapeutic levels for such a 
long period as seventy-two hours after treat- 
ment, as in the case when vehicle B is em- 
ployed, is a function of greater dispersion of 
the penicillin vehicle into the upper portion of 


TABLE I—Persistence of Penicillin in the Milk of Quarters Following a Single Intramammary 
Injection of 100,000 Units in Water and in Water-in-Oil Emulsion Vehicles 


Status 
of Units of penicillin in milk at intervals (hr.) 
Cow lactation Quarter Vehicle following injection 
12 24 36 48 60 72 

A L RF HeO 25 0 0 0 0 

RH HzO 30 0.5 0 0 0 

LF A 20 1.5 0 0 

LH A 15 4 2.0 0.25 0 
8 L RH B 21 18 14 8 1.8 

LH B 20 10 4 2.5 1.0 
Cc L LH B 5 18 10 10 2.5 1.8 
D L B 26 15 7 6 1.0 0.7 
E L LH B 32 5 10 8 8 4 
F L B 40 32 
G L LH B 42 27 
H Dry RH B 31 20 12 10 

LH 30 26 15 6 


L = Lactating. 
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the gland with a consequent slowing down of 
penicillin excretion a milking intervals. 

A comparison of the rate of penicillin excre- 
tion at regular milking intervals following a 
single instillation of 100,000 units in water, in 
Vehicle A and in Vehicle B is shown in 
graph 1. 

The results shown in table 1 and graph 1 
indicate that the properties of the vehicles 


id 


2 72 

st oth btn 

MOURS AFTER INSTILLATION 

Graph !—Vehicles for sustaining penicillin levels in 
the bovine mammary gland. 


used are of decisive importance in maintain- 
ing levels of penicillin in quarters in which it 
is instilled. The following explanation is sug- 
gested to account for this action of the vehi- 
cles. The penicillin, being inverted in the 
water phase of the emulsion, rises in the gland 
by negative geotropism and is slowly released 
from the oil/water matrix. Vehicle B differs 
from vehicle A in that the former is a finely 
dispersed emulsion and, as such, would be 
expected to thoroughly permeate the duct sys- 
tem of the gland. 

A priori, it can not be expected that aqueous 
penicillin or penicillin in any water-soluble 
menstrum, introduced into the cistern of the 
lactating udder, will rise into the upper por- 
tions of the duct system, countercurrent to 
milk being secreted. Similarly, wax-type 
vehicles which fail to melt or disperse in 
aqueous mediums cannot be expected to be of 
more than limited value for the treatment of 
udder infection. 

The following experiment was conducted in 
an attempt to demonstrate visually the ad- 
vantage of using vehicle B as compared with 
the heretofore commonly used aqueous vehicle. 

An aqueous, trypan blue stock solution was 
prepared and integrated as the water phase 
of vehicle B to impart a deep blue color to the 
emulsion. This preparation was designated blue 
vehicle B. Another portion of the trypan blue 
stock solution was diluted with distilled water 
to give the same concentration as that present 


in blue vehicle B. This preparation was des- 
ignated blue aqueous vehicle. 

Twenty cubic centimeters of each prepara- 
tion was instilled into quarters of a lactating 
cow following milking. Milk samples were re- 
moved at twelve and at twenty-four hours, 
and the animal was slaughtered twenty-four 
hours after treatment. The entire udder was 
excised and immediately placed in a _ box 
packed with dry ice to freeze it solid. 

Lateral sections of the frozen udder were 
made at 5-cm. intervals by cutting with a 
band saw. These were examined for dye pen- 
etration and photographed in Kodachrome. 

A marked difference in distribution of the 
tracer dye was observed in the quarters re- 
ceiving the two vehicles. The quarter infused 
with blue vehicle B showed general diffusion 
of the dye in the milk ducts, including the up- 
permost level, while the one infused with blue 
aqueous vehicle showed a distinct demarca- 
tion a short distance above the cistern area. 
In, and slightly above the cistern area, def- 
inite traces of the dye were seen in the ducts; 
above this area no evidence of dye was ap- 
parent. 

The milk samples taken from the quarters 
gave confirmatory evidence of the difference in 
distribution of the dyed vehicles in vivo. The 
milk expressed from the aqueous-blue-vehicle 
quarter, twelve hours following infusion, was 
of an intense blue color; that taken after 
twenty-four hours was but faintly tinted. In 
contrast to this, the twelve-hour sample from 
the quarter instilled with blue vehicle B was 
well colored with the dye, but to a lesser ex- 
tent than was the sample taken twenty-four 
hours after instillation. 

Another experiment was conducted in 
which the oil-soluble dye, Sudan III, was in- 
corporated in the oil phase of vehicle B. Ex- 
amination of the excised udder twenty-four 
hours after instillation showed general pen- 
etration of the vehicle throughout all levels 
of the treated quarter. 


DISCUSSION 


Best results are obtained in the treat- 
ment of Str. agalactiae infection when a 
continuous level of penicillin is maintained 
in the udder over a period of many hours; 
vis., when injections of penicillin are given 
at twelve- or 24-hour intervals, the high- 
est percentage of cures is obtained. In 
single injection treatments, a higher per- 
centage of cures is obtained when large 
amounts of penicillin are used (100,000 
units or more) than when smaller amounts 
(1,000 to 5,000 units) are used. The advan- 
tage of the larger dosage is doubtless a 
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function of a more persistent level of pen- 
icillin remaining in the udder. 

Penicillin is bactericidal to susceptible or- 
ganisms only at the time of division!+?1-26 
and for practical purposes it is necessary 
merely to maintain an effective concen- 
tration of the drug in the milk of the 
udder for such a length of time as is neces- 
sary for all of the streptococci to divide. 
Amounts of penicillin in excess of the mini- 
mum effective concentration (estimated at 
0.5 unit per cubic centimeter of milk!*) are 
of no value since it is well known that sus- 
ceptible organisms are not killed at a faster 
rate by large amounts of penicillin than 
they are by the small quantities that con- 
stitute minimum effective concentrations. 

It is advantageous to use massive doses 
(100,000 units or more) because by this 
means it is possible to retain a therapeutic 
level in the udder for a longer period of 
time following a single injection than is 
possible with smaller quantities. It is in 
relation to these facts that studies on vehi- 
cles A and B are important. 

The data in table 1 and graph 1 show that 
by use of these vehicles an impressive 
prolongation of the penicillin level is ac- 
complished following a single injection of a 
standard dosage of penicillin, over that 
when aqueous vehicles are used. The tracer 
dye studies offer an explanation of these re- 
sults in that they show a remarkable degree 
of dispersion obtained following instillation 
of these specialized vehicles into the udder. 

In the previously presented discussion of 
the fissibactericidal action of penicillin and 
the kinetics of growth of Str. agalactiae 
within the udder,!* it was pointed out that 
a minimum effective concentration of peni- 
cillin must be present at the time when the 
streptococci divide in order that they be 
killed. It follows that streptococci dividing 
rapidly in the udder will be quickly suscep- 
tible in penicillin, while dormant or slowly 
multiplying streptococci populations will be 
killed off at a slower rate. It is conceivable 
that some of the streptococci constituting 
the flora of an infected quarter may fail to 
divide for twelve or twenty-four hours and, 
thus, remain unaffected by the transitory 
penicillin concentrations obtained when in- 


fusions are made in aqueous solutions, but 
it is doubtful if such a state of dormancy 
would persist over a period of seventy-two 
hours in the average lactating udder. Ef- 
fective concentrations of penicillin follow- 
ing injection of 100,000 units in vehicle B 
are maintained in the udder for seventy-two 
hours or more, and it is suggested that un- 
der ordinary circumstances even slowly 
growing streptococci will have divided with- 
in this time and thus be susceptible to the 
fissibactericidal action of penicillin. In in- 
stances where repeated instillations are 
indicated, treatments with penicillin in ve- 
hicle B may be spaced at seventy-two hour 
intervals. 


SUMMARY 


The comparative persistence of penicil- 
lin in quarters following a single instilla- 
tion of 100,000 units in water, and in two 
especially formulated water-in-oil emulsion 
vehicles, were studied. By means of these 
vehicles, the penicillin levels following in- 
jection were maintained for significantly 
longer periods than is the case when water 
is used as the injection vehicle. With one 
of the vehicles studied, effective penicillin 
levels were maintained for seventy-two 
hours following a single intramammary in- 
jection of 100,000 units. 

The significance of these results in rela- 
tion to the treatment of Streptococcus aga- 
lactiae infection is discussed. 
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Fasciolicidal Efficacy of Hexachloroethane-Bentonite 
Suspension in Goats 


©. WILFORD OLSEN, Ph.D. 


Angleton, Texas 


IN THE absence of data on the fasciolicidal 
efficacy of hexachloroethane-bentonite sus- 
pension in goats and on their tolerance for a 
therapeutic dose of this drug, an experi- 
ment was conducted to obtain this informa- 
tion. The trials consisted of critical tests 
on 9 goats, together with a field test on the 
flock from which the experimental animals 
originated. 


MATERIAL AND METHODS 


The goats consisted of a breed known locally 
as “Spanish goats” (descendants of Spanish 
Maltese goats), Angoras, and crosses between 
them. Ten fluke-infected goats from 1 to 6 
years old were selected by means of fecal ex- 
aminations from a flock of 57 animals in which 
fatal fascioliasis was occurring. One of the 
selected goats died of fascioliasis before it was 
treated. 

Medication of the experimental goats con- 
sisted of a single dose each of 30 cc. of hexa- 
chloroethane-bentonite suspension, adminis- 
tered as a drench, except in the case of 1 
animal, which was treated with 30 cc. on two 
consecutive days. 

Of the 47 goats remaining in the flock, 43 
were known, from fecal examinations, to be 
infected with liver flukes. Each animal was 
medicated with 15 or 30 cc. of the suspension, 
depending on its size. Treatment of these 
goats provided an opportunity to observe the 
effect of medication under field conditions in a 
flock suffering from clinical fascioliasis. 

The feces from the experimental goats were 
collected in canvas bags attached to the goats 
(fig. 1), comminuted in 0.4N sodium hydrox- 
ide solution, and washed through 20- and 40- 
mesh screens to separate the flukes from the 
debris. The goats were killed three to six 
days after medication and the livers and intes- 
tines examined for flukes. 

The hexachloroethane suspension prepared 
as previously described’ is, briefly, as follows: 
500 Gm. of hexachloroethane ground fine 
enough to pass through a 60-mesh screen, 
50 Gm. of bentonite, % to % teaspoonful of 
white flour, and sufficient tap water (about 
750 cc.) to produce a volume of 1,000 cc. The 
mixture contains 0.5 Gm. of hexachloroethane 
per cubic centimeter. 


Parasitologist, Zodlogical Division, Bureau of 
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EXPERIMENTAL 


The tests showed (table 1) that hexachloro- 
ethane-bentonite suspension in doses of 30 cc. 
per animal generally is highly efficacious in 
removing the common liver fluke, Fasciola 
hepatica, from goats. The results of the treat- 
ment may be summarized as follows: 33 per 
cent of the flukes were kiiled in 1 goat; 84 anu 
88 per cent, respectively, in 2 goats; 92, 96, and 
98 per cent, respectively, in 3 goats; and 100 
per cent in 3 goats. The mean efficacy for the 
group was 70 per cent. The low average re- 
sulted from the survival of a large number of 
flukes in goat 11, which was an abnormal case 
in that it was in the agonal stage of chronic 
fascioliasis when treated, and died shortly 
thereafter. If this animal is removed from the 
list, the mean efficacy for the group rises to 
93 per cent, which is slightly higher than 91 
per cent obtained for similar tests in sheep." 

The experimental goats were slaughtered 
and examined at three, four, and six days 
after medication to determine the effect of the 
drug on the flukes. In all cases except 1, the 
flukes were either dead or unaffected by the 
drug on these days so far as could be deter- 
mined. The exception occurred in goat 29, 
which was examined on the third day, when 
the only surviving fluke showed small necrotic- 
like patches. From these observations, it 
appears that the flukes generally are killed 
rather soon after medication or not at all. 


Fig. |—Goat with canvas bag attached to catch the 
feces. The bags were changed in the morning and 
again in the evening. 


Cases of low fasciolicidal efficacy of hexa- 
chloroethane were associated with extensive 
pathologic changes in the liver, and with 
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probable dysfunction resulting from fluke 
activity. Generally, flukes in badly damaged 
sections of the liver survive medication. Prob- 
ably destruction of the capillaries and cana- 
liculi by connective tissue induration prevents 
passage of the drug from the blood into the 
bile, where it comes in contact with and kills 
the flukes. 


Fig. 2—Posterior view of liver of goat || showing the 

roughened surface, enlargement of the common bile 

duct, and three large cyst-like bodies on the anterior 

lobe. Upon dissection, these cyst-like bodies, together 

with a larger one on the anterior surface of the liver, 

proved to be the enlarged sections of the bile ducts. 
Many living flukes were found in them. 


Liver damage in goat 11, in which only 33 
per cent of the 291 flukes were killed, was very 
extensive and severe (fig. 2). The enlarged 
bile ducts were filled with flukes. It is quite 
likely, however, that the survival of so many 
flukes in this animal was correlated with its 
morbidity, as stated above, as well as the dam- 
aged liver. 

Considerable liver damage occurred in goats 
25 and 224, in which 88 and 84 per cent, re- 


spectively, of 163 and 25 flukes were killed. 
The damage consisted primarily of enlarged 
bile ducts together with connective tissue in- 
duration (fig. 3 and 4). Most of the sur- 
viving flukes were found in these enlarged and 
thickened bile ducts. 

Goat 25 was so enfeebled by advanced fascio- 
liasis when treated that it was able to stand 
only part of the time at the beginning of the 
experiment and not at all during the last three 
days. In addition to the liver involvement 
(fig. 3), both the gastric and hepatic lymph 
glands were greatly enlarged, the latter being 
hemorrhagic. A living, mature specimen of 
F. hepatica of normal size was found in a se- 
verely damaged and melanctic gastric lymph 
gland. 

In the goats in which 92 to 100 per cent of 
the flukes were killed, the macroscopic liver 
pathology was limited to slight enlargement of 
the bile ducts. 

Although goat 227 was medicated with a full 
dose of 30 cc. of hexachloroethane suspension 
on each of two consecutive days, it is quite cer- 
tain that all the flukes were killed by the first 
treatment, as only 3 were recovered from the 
feces on the second day and none on the third. 
It was free of flukes when examined postmor- 
tem on the fourth day. 

Dead flukes retained in the liver for several 
days after medication became flaccid. Upon 
entering the intestine when in this condition, 
they disintegrated to such an extent that 
often only a sucker or a fragment of the body 
was recovered. It is probable that many of 
the flukes were so completely destroyed during 
passage through the intestine that no evi- 
dence of them was found when the feces were 
examined. 

The experimental goats tolerated doses of 
30 cc. of hexachloroethane suspension without 
untoward effects. Goat 227, a small, thin ani- 
mal, drenched with 30 cc. on two consecutive 
days, showed no ill effects beyond slight inco- 
érdination for a short time after the second 
dose. 


TABLE I—Resu!ts of Tests on the Fasciolicidal Efficacy of Hexachloroethane-Bentonite Suspension in Goats 


Amt. of No. of 
hexachloro- flukes in No. of flukes in livers at Total Total 
ethane feces after ____ Postmortem flukes flukes Efficacy 
Goat No. (Gm.) treatment Dead Living destroyed in goats (%)- 
11° 15 0 95°* 196 95 291 33 
25 do. 114 29 20 143 163 88 
29 do. 22 0 1 22 23 96 
223 do. 40 8 4 48 52 92 
224 do. 6 15 4 2t 25 84 
225 do. 67 81 3 148 151 98 
226 do. 27 5 0 32 32 100 
228 do. 19 0 0 19 19 100 
227 307 14 1 0 15 15 100 
Total 309 162 228 543 771 
Average 38 18 25 60 86 70 


*This animal was moribund for 


two days prior to treatment. 


**Seventy-two of this number were found in the in‘estine and showed evidence of necrosis 
*Given at the rate of 15 Gm. daily for two consecutive days 
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No cases of toxicity resulted from treatment 
of the farm flock. An old doe was found dead 
in the woods on the third day after medication. 
Inasmuch as some of the animals were very 
weak and dying from fascioliasis when treated, 
it is more likely that it died from the disease 
than from the effects of the medicament. 


Fig. 3—Section of liver of goat 25 showing enlarged 

cyst-like portions of the bile ducts, together with 

extensive connective tissue infiltration. Many living 

flukes were recovered in these and simi‘ar places in 
this liver. 


RESULTS 


Postmortem examinations made on 4 
goats that had died in the farm flock shortly 
before the experimental animals were se- 
lected, established the cause of death as 
chronic fascioliasis. In each case, the liver 
was severely damaged and many adult flukes 
were present. The number of pathogenic 
nematodes present in these animals was too 
few to have contributed substantially to 
their weakened condition and _ ultimate 
death. Many of the goats were weak and 
emaciated from the effects of liver flukes 
at the time of treatment. 

Following medication with a single dose 
of 30 cc. of hexachloroethane suspension, 
there was (1) immediate cessation of death 
losses, (2) rejuvenation as indicated by re- 
sumption of their playful antics, (3) longer 
grazing periods beginning earlier in the 
morning and extending later into the day, 
and (4) evident improvement in the physi- 
cal condition of the animals. 
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SUMMARY 


1) Hexachloroethane-entonite susven- 
sion in doses of 30 cc. per animal! 'cilled 33 
per cent os the flukes in 1 goat; 8! and &8 
per cent, respectively, in 2 goats; 92, 96, 
and 98 per cent, respectively, in 3 goats; 
and 100 per cent in 3 goats. 

2) The average efficacy of hexachloro- 
ethane-bentonite suspension was 70 per c2nt 
for the group but was 93 per cont if the 
goat with the low percentage of kill, an 
animal in the last stages of faszioliasis, is 
not considered ‘in the calculations. 


Fig. 4—Sections of liver of goat 224 showing extensive 

enlargement of bile ducts near tip of liver with almost 

complete replacement of liver parenchyma in this re- 

gion by connective tissue. Many living flukes were 
found in these thickened bile ducts. 


3) Lowered efficacy of the drug appears 
to be correlated with pathologic changes in 
the liver resulting from damage by the 
flukes. 

4) The goats tolerated 30 cc. of hexa- 
chloroethane-bentonite suspension without 
untoward effects. 

5) Treatment of a flock of goats su‘fer- 
ing from clinical fascioliasis stopped death 
losses and resulted in early and marked im- 
provement of their physical condition. 
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The Reaction of the Male Toad to Pregnant Mare’s Serum 
and Its Comparative Study with the Cole-Hart Test 


J. F. TABARELLI NETO, V.M.D. 


Sado Paulo, Brazil 


AFTER sTupDY of literature concerned with 
rapid tests for the diagnosis of pregnancy, 
the author undertook investigations of the 
utilization of the male toad as test animal in 
the diagnosis of pregnancy in mares. 


LITERATURE 


Mainini' described a simple and rapid test 
for diagnosis of pregnancy in women, employ- 
ing the male toad (Bufo arenarum Hensel) 
as the test animal. According to Mainini’s 
report, the urine of pregnant women, when 
injected subcutaneously into the lateral lymph 
sac of the toad, elicits the extrusion of sper- 
matozoa, which may be detected in the urine 
of the animal within one to three hours after 
the injection. Drops of this urine are easily 
removed from the cloaca by the use of a glass 
pipette. 

Concomitantly, Robbins, et al.,? using their 
own technique, incidentally very similar to 
Mainini’s method, studied the reaction of the 
male South African clawed frog (Xenopus 
laevis) to gonadotropins of both pituitary and 
choricnic origins. In conformity with their 
findings, this animal is now available for en- 
docrinologic assays, particularly in the field 
of sex hormones. 

Mainini noted, too, that the male toad re- 
acted in the same manner after the adminis- 
tration of gonadotropins of both pituitary 
and chorionic origins. 

In view of such findings, we were encour- 
aged to study the possibility of the utilization 
of Mainini’s technique as a test for the diag- 
nosis of pregnancy in the mare. 


MATERIALS AND METHODS 


Our experiments were performed on male 
toads (Bufo marinus L. and Bufo paracnemis 
Lutz), varying in weight from 110 to 320 Gm., 
many of them recently caught and others kept 
in captivity for approximately a month. As 
these male toads can be used repeatedly, it 
has been our custom to rest the animals for 
seven days after the completion of a positive 
test. After that time, they are ready for 
re-use. A rest of three to five days is suf- 
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ficient after a negative test. During the ex- 
periments, the animals were maintained in 
the laboratory in a suitable environment. 

Blocd-serum samples were drawn from 
mares (Thoroughbred) thirty-six to 111 days 
following the date of the last breeding. These 
mares were frequently examined, and com- 
plete records were available for the duration 
cf the gestation period. 

The procedures involved in the collection 
and treatment of mare serum were based 
upon the recommendations of Cole and Hart.* 
The number of days that intervened between 
the bleeding and the test dates was variable. 
Urine samples were obtained from the toad 
according to Mainini’s instructions.’ Prior to 
the serum injection into the toad, a micro- 
scopic examination of the urine was made in 
order to verify the absence of spermatozoa. A 
drop of urine was placed under a coverslip 
and examined with a microscope with the light 
reduced. Definite, positive reactions were 
characterized by numerous, actively motile 
spermatozoa found in virtually every field. 

A single mare-serum injection of 9 to 20 ce. 
was given subcutaneously into the lateral 
lymph sac of the toad. The puncture wound 
was compressed with a Pean’s forceps after 
the injection. Sometimes the 20-cc. serum 
dose was lethal for the toad. However, when 
this occurred, the animal died two to eight 
days after the assay. 

The second micrescopic observation was 
made‘an hour after the injection of the serum, 
and the subsequent ones repeated every fifteen 
minutes for a six-hour period. At the end of 
this time, if the test was still negative, two 
more examinations were done by the twelfth 
and twenty-fourth hour after the last nega- 
tive result. Positive reactions had resulted 
within one and one-quarter hours (minimum) 
to five and one-quarter hours (maximum). 
Occasionally, strongly positive tests resulted 
in continuous extrusion of spermatozoa for 
twenty to seventy hours. 

For comparative purposes, the same mare- 
serum sample (except mares 20 and 24) was 
used simultaneously in the male toad test and 
in the rabbit-ovulation test. The latter was 
made in accordance with the method reported 
by Cole and Hart‘ and modified by Guimaraes.’ 

This work was undertaken in Sao Paulo, 
Brazil, during part of the spring and summer 
months (October, November, and December) 
of 1947. 
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RESULTS 


Table 1 shows the results of this com- 
parative study which may be summarized 
as follows: 

1) Results in Agreement.—Of 39 tests, 
25 reactions were positive and 11 were neg- 
ative to both male toad and rabbit-ovulation 
tests. 

2) Results not in Agreement.—(a) One 
reaction was positive to the male toad test 
but it was negative to the rabbit-ovulation 
test. This result (mare 3) was obtained on 
the forty-eighth day after the last breeding 
but, on the fifty-sixth day, it was positive to 
both tests. (b) Two reactions were nega- 


PREGNANT MARE’S SERUM AND THE COLE-HART TEST 


tive to the male toad test but positive to 
the rabbit-ovulation tests. One of the re- 
sults (mare 14) was obtained on the forty- 
third day after the last breeding but on 
the sixtieth day it was positive to both tests. 
The serum sample from the other mare 
(21) was obtained on the forty-sixth day 
after the last breeding, but until now it has 
not been possible for us to repeat the test. 


DISCUSSION 


As shown by table 1, although the results 
of rabbit-ovulation test and male toad test 
were, for the most part, in accord, it ap- 
pears that more extensive experiences are 
necessary before the exclusive use of the 


TABLE !—Resu!ts of the Comparative Study Between Male Tord and Rabbit-Ovulation Tests in the Diagnosis 


of Pregnancy in the Mare 


Days 
between 
bleeding and 
male toad test 


Days 
between 
last breeding 
and bleeding 


Mare No. 


assay 


assay 
assay 
assay 
assay 
assay ¢ 
assay 


assay 


assay 2 


assay 


Mare serum 


Time 
elapsed, 
positive 

reaction (hr.) 


Results of tests _ 


~ Rabbit- 
ovulation 


Male toad 


+ 


+ 


+ 
Ae 


| +++ | +4+4+4+4++ 


*Positive to the rabbit-ovulation test on the fifty-second day after the last breeding. 
**Positive to the rabbit-ovulation test on the fortieth day after the last breeding. 
+Positive to the rabbit-ovulation test on the forty-seventh day after the last breeding. 


tThese results were obtained in 2 male toads. 
§Kept in the refrigerator for the whole time. 
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14 
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38 6 10 
15 
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3 55 1 20 ow 
16 
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20* 111 20 
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assay 2 48 3 15 
24%* 108 1 20 
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26 
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28t 46 6 10 14 
assay 1 96 1 20 nate 
assay 2 5 20 
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male toad test can be recommended under 
field conditions. 

Moreover, the standard error could not 
be established because of the small number 
of tests made by us up to the present time. 

Nevertheless, the data are quite encour- 
aging because the Cole and Hart test used 
for comparison has always resulted in a 
high percentage of accuracy. 

The proof of the accuracy of this new 
method will be ascertained in a few months 
when the tested mares have foaled. 

The simplicity with which this reaction 
can be followed is striking. The time 
necessary for the test after the serum injec- 
tion is short. Furthermore, it is easy to 
observe microscopically the actively motile 
spermatozoa in the positive cases. 


SUMMARY 


The author studied the reaction of the 
male toad to pregnant mare’s serum, in 
order to verify the possibility of utilization 
of the male toad as a test animal for the 
diagnosis of pregnancy in the mare. 

Blocd-serum samples were drawn 
mares (Thoroughbred) thirty-six to 


from 
111 


days following the date of the last breeding. 
Nine to 20 cc. were injected subcutaneously, 
into the lateral lymph sac of the toad (Bufo 
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marinus L and Bufo paracnemis Lutz), 
which varied in weight from 110 to 320 Gm. 
For comparative purposes, a portion of the 
same serum sample was also used in the 
rabbit-ovulation test (Cole and Hart). 

The mare’s serum, when positive, 
elicited the extrusion of spermatozoa, which 
could be detected in the urine of the toad 
within one and one-quarter hour (mini- 
mum) to five and one-quarter (maximum) 
after the injection of the serum. 

For comparative study, 39 tests were 
made. In 36, the results were in agreement 
(25 positive and 11 negative to both male 
toad and rabbit-ovulation tests). Three re- 
sults were not in agreement. However, two 
of the latter were positive to both tests, 
when repeated after a longer period had 
elapsed after the last breeding. 
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The Effect of a Thiamin Analogue on Growth 
and on the Thiamin Content of Rat Tissues 


M. J. SWENSON, M.S., D.V.M. 


Ames, lowa 


DURING THE last decade, an increasing 
amount of investigation has been done on 
compounds structurally related to naturally 
occurring metabolites. These compounds, 
commonly called analogues, have been 
shown to produce inhibitory effects on 
growth and specific metabolic functions of 
animals and plants while others have stimu- 
lated growth or produced no material 
change.':? Some of the vitamins lend them- 
selves well to this type of study because 
they are catalytic in nature and highly spe- 
cific in their reactions. Certain structural 
analogues of thiamin, riboflavin, nicotinic 
acid, and other vitamins have been shown 
to inhibit the growth of certain animals 
and microbial species. 

The inhibitory effect produced by an 
analogue may be completely negated or mod- 
ified by increasing the intake of the natural- 


ly occurring metabolite. Thus, in competi- 
tive inhibition, the observed effect is not 
dependent on the actual concentration of 
the natural metabolite and its analogue but 
on the relative amounts of each present. 


LITERATURE 


Woods’ discovered that the growth inhibition 
produced by sulfanilamide on Streptococcus 
haemolyticus could be reversed by adding 
p-aminobenzoic acid (PABA), a structural 
analogue of sulfanilamide. The investigator 
postulated that PABA might be an essential 
metabolite for the microérganism which was 
either synthesized by the bacterial cell or ob- 
tained from the surrounding medium, and the 
sulfanilamide, being closely related structur- 


Taken from a thes's submitted to the Graduate 
School of Iowa State Co!lege in partial fulfillment 
of the requirements for the degree of master of 
science. 

From the Veterinary 
State College, Ames. 

The investigation was made possible by a fellow- 
ship grant to the author from the Research Council 
of the American Veterinary Medical Association. 

The author expresses appreciation to R. R. Sea- 
lock, Ph.D., associate professor of chemistry at Iowa 
State College, for his assistance in the chemical 
phase of this research and in supplvinge the thiamin 
analogue, o-aminobenzyl-(3)-4-methyl-5-8-hydroxy- 
ethy thiazolium chloride hyurochloride; and to J. C. 
Picken, Jr., Ph.D., assistant professor at the Veteri- 
nary Research Institute, Iowa State College, for his 
codperaticon and helpful suggestions throughout the 
investigation. 

In this investigation, the author made all of his 
determinations in ml.; 1 ml. is equal to 1.000027 cc. 


Research Institute, Iowa 


ally, inhibited the growth of the bacterium. 
Woods’s example was the first of its kind to 
be interpreted on the basis of structural an- 
tagonism. 

Schofield‘ observed lesions in cattle, that 
were being fed damaged sweet clover, similar 
to those found in hemorrhagic septicemia and 
blackleg. Roderick and Schalk* discovered 
that cattle fed improperly cured sweet clover 
hay or silage developed a condition in which 
there were severe subcutaneous hemorrhages. 
The blood clotting time was markedly in- 
creased. Stahmann, et al.,° reported that the 
active principle from poorly cured sweet clover 
hay had been isolated and identified as 3,3’- 
methylenebis(4-hydroxycoumarin), commonly 
called dicoumarin. The structural similar- 
ity of this compound to vitamin K led Over- 
man et al.7 to feed dicoumarin to rats. The 
hypoprothrombinemia produced by the anti- 
coagulant, dicoumarin, was counteracted by the 
administration of vitamin K regardless of 
whether it had been given before or after the 
anticoagulant. 

Bacterial investigations’ have shown that 
the analogue of nicotinic acid, pyridine-3-sul- 
fonic acid, caused growth inhibition in certain 
species which require added nicotinic acid for 
growth. . Pantoyltaurine, the sulfonic acid 
analogue of pantothenic acid,’ was effective in 
inhibiting the growth of several bacteria, in- 
cluding Brucella abortus and Staphylococcus 
aureus. Both analogues were ineffective with 
Escherichia coli, a bacterium which does not 
require nicotinic acid or pantothenic acid for 
growth. 

Woolley and White” reported that a de- 
ficiency-like disease in mice had been produced 
by feeding pyrithiamin, 2-methyl-4-amino- 
5-pyrimidylmethy]l - (2-methyl-3-hydroxyethyl) 
pyridinium bromide hydrobromide, the pyridine 
analogue of thiamin. Pyrithiamin differs from 
thiamin in that the sulfur atom in the thiazole 
ring of the thiamin molecule has been replaced 
with -CH=CH-, a vinylene group. Character- 
istic symptoms of thiamin deficiency were pro- 
duced in five to fifteen days when 20ug. to 20 
mg. of pyrithiamin were fed daily to mice 
receiving 2ug. of thiamin per day. The mice 
receiving the largest quantity of pyrithiamin 
succumbed most rapidly. 

This apparent competitive inhibition of 
pyrithiamin to thiamin is not restricted to ani- 
mals since it can be demonstrated with certain 
bacteria, yeasts, and molds. Woolley and 
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White" were able to show that growth was in- 
hibited in bacteria which required an external 
supply of thiamin by adding a small amount 
of pyrithiamin to the medium. On the other 
hand, those bacteria which did not require 
added thiamin were relatively unaffected by 
the analogue. 

Emerson and Southwick” fed 2.8 mg. of 2-n- 
butyl-5-( 4- methyl-5-8 ehydroxyethylthiazolium 
bromide) -methyl-6-amino-pyrimidine hydrobro- 
mide, the 2-n-butylpyrimidine analogue of thia- 
min, per day to rats receiving a sub-optimal 


intake of 5 ug. of thiamin per day. A control. 


group of rats received the same amount of 
thiamin without the analogue. At the end of 
fifty days, 5 rats out of 8 had succumbed in the 
group receiving the analogue and thiamin. 
The remaining 3 rats were moribund while 
the 8 rats in the control group were in good 
condition. By supplementing the group re- 
ceiving the analogue and thiamin with 50 ug. 
more thiamin, the inhibitory effect of the 
analogue was negated. It was found that 1 
mole of thiamin counteracted the antithiamin 
effect of about 40 moles of the analogue. 
Soodak and Cerecedo” fed oxythiamin, 2- 
5-hydroxyethylthiazolium chloride, to mice. 
When 25 to 50 ug. of this thiamin analogue and 
lug. of thiamin were given daily to mice on a 
thiamin-low diet, death resulted in two weeks. 
Buchman, et al. reported inhibition of an 
isolated carboxylase system with thiazole pyro- 
phosphate, the pyrophosphate ester of 4- 
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methyl-5-8-hydroxyethylthiazole. The effect 
of thiazole pyrophosphate, 4-methyl-5-8-hy- 
droxyethylthiazole and its monophosphate 
ester, and sodium pyrophosphate on cocar- 
boxylase activity in the carboxylase system 
was studied. It was found that only the thia- 
zole pyrophosphate reduced the CO: produc- 
tion from the pyruvic acid substrate. This de- 
crease in the decarboxylation of pyruvic acid, 
as shown by the reduced CO. production, was 
apparently caused by the competition between 
cocarboxylase and thiazole pyrophosphate for 
the protein portion of the enzyme, carboxylase. 
In determining the specific action of thia- 
min analogues as growth inhibitors, certain 
tissues and organs should be analyzed for the 
concentration of thiamin. The thiamin concen- 
tration in the animal body varies in the indi- 
vidual tissues and also among the different 
species. It is known that organs such as 
heart, liver, and kidney from an animal re- 
ceiving a balanced diet have more thiamin per 
gram of tissue than brain, skeletal muscle, and 
fat. However, in thiamin deprivation, these 
organs, normally containing a greater amount 
of thiamin, may become depleted and reach a 
level approaching the concentration in the bal- 
ance of the body. On the other hand, all or- 
gans and tissues may reach a saturation point 
whereby the excess thiamin consumed is elim- 
inated in the urine and feces. Thus it becomes 
apparent that a constant supply of thiamin is 
necessary to maintain the concentration for 
normal functioning of the animal body. 


TABLE I—Thiamin Content of Rat Tissues from Series | 


Daily supplementation of 
Bi and its o-Aminobenzyl Days on 


Rat No. analogue* expt. 


ag. Bi/gm. 
skeletal 
muscle 


ug. Bi 
kidney 


Gain 


Rat wt. or loss 


Group A 0 


(5 wg. Bi last 32 days) 
(5 we. Bi last 32 days) 


5 we. Bi 


5 add. wg. Bi last 16 days) 
5 add. ug. Bi last 20 days) 


5 ug. Bi & 1 mg. Bi analogue 


(5 add. we. Bi last 16 days) 
(5 add. ug. Bi last 20 days) 


1 mg. Bi analogue 


(5 wg. Bi last 29 days) 
(5 we. Bi last 29 days) 


50 ug. Bi 


4.3 1. 
4.6 


*All groups received the basal diet ad lib. except group F, which received a commercial fox chow ad lib. 


78 
gm. gm. liver 
108 35 46 —15 0.76 1.10 2.65 
110 38 48 — 8 0.39 0.38 0.11 
109 72 102 40 0.94 0.84 0.41 
111 72 95 37 1.54 1.01 0.27 
Group B 
112 36 101 39 1.35 1.19 0.47 
114 38 115 56 1.40 1,07 0.18 
113 ( 59 182 118 1,07 0.26 
115 ( 63 158 98 1.63 0.14 
Group Cs RF 
116 38 106 40 0.91 0.79 0.31 
118 36 64 4 4.15 1.61 2.50 
161 146 0.25 
119 63 161 99 1.46 0.25 
121 38 66 —2 0.62 1.32 0.54 
122 36 57 ey 0.55 0.81 0.62 
120 70 104 38 1.59 1.23 0.27 
123 70 119 53 1.15 1.36 0.06 
Group E 
124 43 161 107 1.75 5.74 1.07 
125 66 217 157 4.03 2.78 0.96 
126 66 164 104 5.11 2.85 0.89 
Group F 0 
127 77 278 193 7.96 65 
128 46 281 199 2.96 a 


JANUARY, 1949 


Schultz and co-workers” investigated the 
thiamin saturation point of rat tissues. They 
found that a maximum retention in the tissues 
was obtained by feeding 65 ug. of thiamin per 
day. The thiamin concentration in the tissues 
was approximately 2ug. per gram of total 
body weight. 

Cleland” found that about 0.2 ug. of thiamin 
per gram of body weight was the minimum 
concentration to maintain life in the rat. The 
liver was found to contain the greatest amount 
of thiamin per gram of tissue in the normal 
animal. The greatest percentage loss of thia- 
min also occurred in the liver when the diet 
was low in thiamin. 

The results obtained by Cleland and Schultz, 
et al. show that the thiamin content of the 
liver may vary from about 0.2 ug. per gram 
of tissue, when life was still present, to about 
10 ug. per gram of tissue when the tissues were 
saturated. On the basis of thiamin per gram 
of body weight, their range of minimum and 
maximum concentrations was 0.2 to 2.0 ug. 
It is apparent that an animal will use the last 
reserve of thiamin in the liver before death 
since the concentration in the liver and in the 
balance of the body was practically the same. 

Schweigert, et al.” maintained rats on dif- 
ferent levels of thiamin and later analyzed the 
tissues. When 8g. of thiamin were given to 
one group of rats and 25 to 50 ug. were given 
to another, the thiamin content in the muscle 
and liver was 3 or 4 times greater in the latter 
group. There was no material change in the 
thiamin content of the tissues when the rats 
were placed on high carbohydrate, protein, or 
fat diets. Sarett and Perlzweig” also found 
that the thiamin intake regulated the thiamin 
content of the various tissues. Two groups 
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of rats were given thiamin in addition to the 
basal diet. The first group received 9 to 11 ug. 
per day, while the second group received 33 ug. 
When the tissues were analyzed, the first 
group had one-half as much thiamin in the 


\ 


GRovuP A 


DAYS 


Fig. |—Composite growth record of groups A through 
E. O = daily supplementation of 5 ug. of thiamin per 
day. 


liver and in the whole cadaver as the latter 
group. From these data of thiamin analyses, 
it appears that the thiamin content of the tis- 
sues is governed to a great extent by the thia- 


TABLE 2—Thiamin Content of Rat Tissues from Series II 


Deily supplementation of 
Bi and its o-Aminobenzyl Days on 


Rat No. analogue* expt. 


Rat wt. 


ae. Bi/gm. 
skeletal 
muscle 


ug. Bi 
/gm. 
kidney 


Gain ue. Bi 
or loss /gm 


zm. liver 


Group A 


5 ug. Bi & 1 mg. Bi analogue 


1 mg. Bi analogue 


50 wg. Ba 


*All groups received the basal diet ad lib. 


79 
——..— 
4 
4 
loa 
pe 
47 
J 
20 ff 
o 
aco 5° eo TO 
By 16 56 2 0.34 0.35 0.39 
147 16 46 — 2 0.43 0.49 0.51 
Group B 5 we. Bi 
149 20 91 36 0.83 6.66 0.33 
> ie) 150 33 104 48 0.58 0.45 0.23 
4 151 35 96 46 0.75 0.59 0.30 
152 37 84 32 0.87 0.58 0.32 
153 30 88 32 0.65 0.40 0.30 
y t 154 33 106 50 0.56 0.44 0.23 
155 35 106 56 0.86 0.64 0.28 ° 
156 37 96 44 0.56 0.13 0.35 
Group D 
157 22 52 -~ 5 0.33 0.41 0.46 
158 17 59 2 0.35 0.42 0.50 
159 17 64 12 0.79 0.57 0.48 
160 23 60 4 0.33 0.35 0.27 
Group E | 
; 162 38 204 161 3.01 1.94 1.30 
163 38 115 70 4.72 3.98 1.20 
164 38 203 156 5.00 2.88 1.43 
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The protein level of the diet did 
This 


min intake. 
not alter the thiamin level in the tissues. 
finding agrees with Schweigert, et al. 


METHODS AND RESULTS 


The purpose of this investigation was to 
study the effect of o-aminobenzyl-(3) -4- 
methy1-5-8-hydroxyethylthiazolium chloride 
hydrochloride, an analogue of thiamin, on the 
rat. This was done by determining its effect 
on the growth rate and on the thiamin content 
of the liver, kidney, and skeletal muscle. His- 
topathologic changes were also studied in se- 
lected tissues in order to determine the tox- 
icity of the analogue. These results will ap- 
pear in a later paper. 

The o-aminobenzyl analogue of thiamin was 
first synthesized by Livermore and Sealock.” 
A comparison of the structural similarity of 
thiamin and its analogue is shown by the fol- 
lowing formulas: 


H 


CHy 


o-Aminobenzy{ 
ethylthiazolium chloride hydrochloride 


The rat was chosen as the experimental ani- 
mal because it depends on an external source 
of thiamin for growth and normal develop- 
ment. It was also adaptable to the assay pro- 
cedure in this experiment. Weanling rats, 4 
weeks of age, were divided into six groups. 
Five groups, A, B, C, D, and E, received the 
following basal diet ad lib.: 


Gm. 
Vitamin test 18.0 


*Vitamin test casein was obtained from General 
Biochemicals, Inc., Chagrin Falls, Ohio. Fat and 
water-soluble vitamins had been removed by several 
extractions with hot alcohol. 
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Hydrogenated vegetable oil 


Cod liver oil (Squibb)........... 2.0 
Salt mix (Hawk-Oser)**......... 5.5 
0.01 
Pyridoxine hydrochloride ........ 0.0002 
Calcium pantothenate ........... 0.002 
0.01 


This basal diet, being free of thiamin and 
high in carbohydrate, was designed to produce 
symptoms of thiamin deficiency rapidly. Group 
F received a commercial fox chow ad lib. The 
rats were kept in individual cages with screen 
floors. This prevented the animals from eat- 
ing their own feces which may have con- 
tained thiamin as the result of intestinal syn- 
thesis or excretion of excess thiamin. Fresh 
water and the bagal diet were available to the 
rats at all times. Each group receiving the 
basal diet was ,supplemented with different 
amounts of thiamin and the o-aminobenzyl 
analogue of thiamin. 

Stock solutions of the supplements were pre- 
pared as follows: 


I) Double strength diluting fluid contain- 
ing no thiamin. 
Ethyl alcohol .......... 40.0 ce. 


Glacial acetic acid.... 0.2 ce. 
Distilled water..to make 100.0 ee. 
II) Double strength thiamin solution contain- 
ing 10 wg./0.1 ce. 


Ethyl alcohol .......... 100.0 ce. 
Glacial acetic acid....... 0.5 ee. 


Distilled water..to make 250.0 ee. 


III) Double strength solution of the thiamin 
analogue, containing 2 mg./0.1 cc. 
IV) Concentrated thiamin solution contain- 
ing 50 ug./0.1 ec. 
Ethyl alcohol .......... 5.0 ce 
Glacial acetic acid...... 0.025 cc 
Distilled water to make 25.0 ce. 


Supplements for the various groups were 
prepared as follows: 
Group A) Diluting fluid containing no thia- 
min was prepared by mixing equal 
quantities of stock solution I and 
distilled water. 
Thiamin solution containing 
5 ug./0.l cc. was prepared by mix- 
ing equal quantities of stock solu- 
tion II and distilled water. 
Solution of thiamin and its an- 
alogue containing 5 ug. thiamin and 


Group B) 


Group C) 


**Hawk, P. B., and Oser, B. L 
of the Osborne-Mendel Salt Mixture 
(1931) : 369. 


A Modification 
Science, 74, 


| 
| 
H 
Thiamin chloride hydrochloride 
H 
—NHy" _ 
H HCl CH, CH,OH 
| 
H H Cl 
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1 mg. analogue/0.1 cc. was pre- 
pared by mixing equal quantities of 
stock solutions II and III. 

Group P) Solution of the analogue containing 
1 mg./0.1 cc. was prepared by mix- 
ing equal quantities of stock solu- 
tions I and III. 

Group F) High thiamin solution containing 
50 ug./0.1 ec. was obtained from 
stock solution IV. 


A suboptimal quantity of 5ug. of thiamin 
was given daily to the rats of groups B and C, 
an amount chosen to make the thiamin intake 
the controlling factor in the growth of these 
rats. The effects of the analogue should also 
be more apparent at this thiamin level. These 
supplements were given daily to the rats by 
means of a 0.5 cc. syringe and a blunted 18- 
gauge needle. The needle was passed through 
the esophagus into the stomach to assure 
quantitative administration. Groups A, B, C, 
and D consisted of 2 males and 2 females each. 


6 
GROUP A-NO THIAMINE 
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| Mg THIAMINE 
ANALOGUE 
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GROUP A B C D E F 


Fig. 2—Average thiamin content of the liver from both 
series of rats. 
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Groups E and F consisted of 3 and 2 males, 
respectively. 

The rats in groups A to E, inclusive, were 
weighed daily. This experiment was conducted 
during the summer months. The environmen- 
tal temperature of the rats averaged 80 to 
85 F. At this temperature the rats were 
observed as being less active and consuming 
less basal diet than rats at a lower tempera- 
ture. 

After approximately forty days, when ad- 
vanced symptoms of thiamin deficiency were 
observed in groups A and D, 2 rats from each 
group, A to D, inclusive, and 1 rat from group 
E were sacrificed for thiamin analysis and tis- 
sue study. At approximately the same time, 
the 2 rats remaining in each group, A to D, 
inclusive, were supplemented with 5 ug. of thia- 
min. The thiamin was given to determine its 
effectiveness on rats receiving the thiamin 
analogue and their corresponding controls. 
The 2 rats remaining in group E were con- 
tinued on the same diet. One rat in group F, 
receiving the commercial fox chow, was de- 
stroyed forty-six days after the experiment 
was started. This rat had gained 199 Gm. in 
forty-six days while a rat in group E, show- 
ing the maximum rate of growth during the 
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Fig. 3—Average thiamin content of the kidney from 
both series of rats. 
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same time, had gained 113 Gm. The rat in 
group F was sacrificed to obtain apparently 
normal tissues for thiamin analysis and tis- 
sue study. Twenty to thirty days after thia- 
min supplementation ‘was begun, the remain- 
ing rats in all groups were destroyed for thia- 


[GROUP A- NO THIAMINE 

“ B- 54 9g 
4 | Mg THIAMINE 
ANALOGUE 

x ANALOGUE 

"  €-50.4g9 THIAMINE 
 F- COMMERCIAL 
= iL FOX CHOW 
AD LIB 

o 


GROUP A s © 8 € F 


Fig. 4—Average thiamin content of skeletal muscle 
from both series of rats. 


min analysis and tissue study. At this time, 
the advanced symptoms of thiamin deficiency 
were no longer apparent in groups A and D. 
The rat in group F, receiving the commercial 
fox chow, had gained 193 Gm. in seventy- 
seven days. Its weight had been constant 
the last thirty days. 

Figure 1 is a composite growth record of 
groups A to E, inclusive. Groups A and D 
follow closely together. Group E shows the 
greatest gain, followed by group B. Compari- 
son of the growth curves of groups B and C 
illustrates the inhibitory action of the thiamin 
analogue. 

The rats were killed by chloroform eutha- 
nasia. The liver, kidneys, and a portion of 
skeletal muscle from the thigh were removed 
from each cadaver immediately after death. 
The tissues were weighed as quickly as possi- 
ble to prevent loss of water by evaporation. 
Samples weighing less than 3 Gm. were minced 
in a Waring blender with 75 cc. of one-tenth 
normal H:SO, In cases when the livers 
weighed more than 5 Gm., samples weighing 
over 3 Gm. were analyzed. With this quantity 
of tissue, 150 cc. of one-tenth normal H.SO, 
were used in the mincing process. These 
quantities were refluxed gently for thirty min- 
utes in 300 and 500 ce. Erlenmeyer flasks, re- 
spectively. For the remainder of the thiamin 
analysis, the Thiochrome method, described 
by the Association of Vitamin Chemists,”’ was 
followed. 

It is evident (table 1) that rats 108 and 110 
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(group A) and 121 and 122 (group D), re- 
ceiving thiamin-free diets, had a very small 
amount of thiamin in their tissues. In these 
animals, the thiamin concentration in the liver 
was equal to or less than that in the other tis- 
sues. The tissues of rats 124, 125, and 126, 
receiving 50 ug. of thiamin per day over a 
longer period of time, approached the concen- 
trations of thiamin in normal rat tissues. The 
remaining rats (groups A to D) showed low 
thiamin concentrations in their tissues, reflect- 
ing an inadequate dietary intake of thiamin. 
Picken™ obtained similar growth curves with 
rats receiving the same basal diet and thiamin 
analogue. The rats that received the analogue 
but no thiamin, comparable to group D in this 
experiment (fig. 1), were consistent in show- 
ing a slightly better growth record than those 
rats without thiamin and analogue, compar- 
able to Group A. 

An experiment, using a second series of 
rats, was conducted as closely to the other as 
possible, except these rats were kept at a tem- 
perature approximately 20 degrees cooler. 
Symptoms of thiamin deficiency were mani- 
fested in approximately one-half the time as 
in the first series. The thiamin concentration 
in the tissues was slightly lower in the second 
series (table 2); however, there was no sig- 
nificant difference. 

Figure 2 shows the average thiamin content 
in the liver from both series of rats. There is 
no significant difference between groups A and 
D and between groups B and C. There is, how- 
ever, a difference that is significant between 
groups B and C, receiving 5 xg. of thiamin, and 
groups A and D which received no thiamin. It 
appears that the thiamin concentration in the 
liver was proportional to the thiamin intake. 
The liver thiamin of the rats receiving the 
commercial fox chow was greater than those 
in group E which received 50 ug. of thiamin 
per day. Apparently the rats receiving the 
commercial fox chow received more thiamin 
in their diet or were more capable of storing 
thiamin in the liver than group E. 

Figure 3 shows the average concentration of 
thiamin in the kidneys from both series of 
rats. There is less variation in the kidney 
thiamin in groups A through D as compared 
with the liver in figure 2. It is apparent that 
the kidney is less inclined to show as much 
variation in thiamin content as the liver. 

Figure 4 represents the average thiamin con- 
centration in the skeletal muscle from both 
series of rats. The greater concentration of 
thiamin in group A than in groups B, C, and D 
may be explained by the severe dehydration 
of the skeletal muscles which was present in 
rat 108. This rat had lost 15 Gm. from its 
original weight. Its thiamin concentration 
was 2.65g. per gram of tissue. Dehydration 
of the skeletal muscles of those rats on a 


thiamin-free diet may account for the greater 
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amount of thiamin in the skeletal muscles and skeletal muscle of the various groups. 
than in the liver and kidneys. The thiamin [n the animals receiving an adequate 
concentration in the kidney and skeletal amount of thiamin, the liver is shown to 


muscle, figures 3 and 4, of groups E and F is 
in the same proportion as ir. the liver, figure 2, 
but of lesser amount. Thus, normal animals 
have the highest concentration of thiamin in 
the liver, followed in order by the kidney and 
skeletal muscle. The thiamin content of the 
liver, kidney, and skeletal muscle of rat 118, 
table 1, was not computed in the graphs of 
figures 2, 3, and 4. Some factor of unknown 
etiology caused this rat to lose weight rapidly 
which was not in accord with the other mem- 
bers of this group. 


DISCUSSION 


The o-aminobenzyl analogue of thiamin 
caused a slight inhibition of growth in rats 
receiving 5 »g. of thiamin and 1 mg. of the 
analogue (group C) as compared with the 
control animals (group B) receiving 5 yg. 
of thiamin (fig. 1). The analogue appar- 
ently interferes with the normal functioning 
of thiamin in some biologic system of the 
rat. Since one of the functions of thiamin 
is concerned with carbohydrate metabolism, 
growth is retarded by feeding thiamin- 
deficient diets. The declining growth curves 
of rats receiving a thiamin-free diet 
(groups A and D) are shown in figure 1. 
Normally, the animal body has only enough 
thiamin in reserve to last a relatively short 
time. When this reserve is depleted and no 
more thiamin is ingested, there is a cessa- 
tion of growth followed by a constant loss 
of body weight. 

McCay”? states that animals require more 
thiamin in cold weather to form body heat 
than in hot weather. This factor may ac- 
count for the longer survival of the first 
series of rats than the second series. The 
thiamin requirement also increases in direct 
proportion to the breakdown of carbohy- 
drates. Therefore, it is possible to deplete 
the thiamin reserve in the animal body more 
quickly by feeding a high carbohydrate diet. 
Exercise aids in depleting the thiamin re- 
serve because the metabolic processes in the 
body are increased. It is known that a rat 
needs one-third more thiamin when exer- 
cising.2? The rats in this experiment receiv- 
ing no thiamin were the least active and 
consumed less basal diet than those rats re- 
ceiving thiamin, which decreased their thia- 
min requirements. 

Figures 2, 3, and 4 show the average con- 
centration of thiamin in the liver, kidney, 


contain the greatest amount of thiamin per 
gram of tissue followed by the kidney and 
skeletal muscle. The thiamin concentration 
was slightly lower in group C, receiving 
5 pg of thiamin and 1 mg. of analogue, 
than group B, receiving 5 ,»g of thia- 
min. The difference, however, was not 
significant. When thiamin-free and thia- 
min-deficient diets were fed, the liver 
thiamin was the first to show a decrease. 
On such diets the thiamin reserve decreases 
until the tissues reach a minimum concen- 
tration to maintain life. In this experiment, 
the average concentration of thiamin per 
gram of liver, kidney, and skeletal muscle 
in the rats receiving no thiamin was found 
to be approximately 0.6 pg. No effort was 
made to reduce the concentration of thiamin 
per gram of tissue to an absolute minimum, 
as the rats were killed when marked symp- 
toms of thiamin deficiency were present. 


SUMMARY AND CONCLUSIONS 


1) The o-aminobenzyl analogue of thia- 
min, 
droxyethylthiazolium chloride hydrochlo- 
ride, produced a slight, but definite, in- 
hibitory effect on the growth of weanling 
rats. 

2) The thiamin concentration in the 
liver, kidney, and skeletal muscle was slight- 
ly lower in the rats receiving 5 pg. of thia- 
min and 1 mg. of the analogue as compared 
with the group receiving 5 pg. of thiamin 
daily without the analogue. 

3) Grossly, no changes were detected in 
the general appearance of the rats and their 
tissues by feeding 1 mg. of the o-aminoben- 
zyl analogue of thiamin daily to rats receiv- 
ing the thiamin-free diet and to rats re- 
ceiving 5 »g. of thiamin daily in addition to 
the thiamin-free basal diet. 
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Studies in Avian Leucosis. IV. Further Transmission of 
Visceral Lymphomatosis 


OLIVE STULL DAVIS, Ph. D., and L. P. DOYLE, D.V.m., Ph.D. 


Lafayette, Indiana 


THE SUCCESSFUL transmission of avian vis- 
ceral lymphomatosis from a field case to 
chicks in an experiment conducted at this 
laboratory in 1943 to 1944 was described in 
a previous paper.* In that experiment, vis- 
ceral lymphomatosis was apparently trans- 
mitted as an entity distinct from all other 
forms of avian leucosis. It was pointed out 
at that time that, while avian visceral 
lymphomatosis had previously been consid- 
ered nontransmissible by some authors, or 
had not been distinguished from neuro- 
lymphomatosis in the data of others, it had 
actually been transmitted as a distinct en- 
tity by Gibbs,® Olson,* Pentimalli,® and Bur- 
mester and Prickett.* Meanwhile, additional 
successful transmissions of visceral lympho- 
matosis have been reported by Brewer and 
Brownstein,'! Olson,* and Burmester.* 

In an attempt to repeat the successful ex- 
periment previously reported from this lab- 
oratory,* a second similar transmission ex- 
periment was initiated in November, 1944. 
The inoculation of several groups of chick- 
ens, with the individual organs of the 
lymphomatotic field cases used as donors, 
was repeated as a check on the results of 
the previous experiment which showed that 
there was no marked concentration of the 
causative agent of visceral lymphomatosis 
in any one organ or organs. Successive 
monthly liver biopsy operations on a rep- 
resentative group of chickens and successive 
serial passages were again included in the 
work. Larger, and therefore statistically 
more significant, groups of chicks were used 
in the serial passages. 

The main transmission experiment util- 
ized 430 sexed female chicks and the serial 
passages 515 unsexed chicks. 


EXPERIMENTAL PROCEDURE 
On Nov. 3, 1944, 300 Barred Plymouth Rock 
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female chicks 18 days old were inoculated with 
leucotic organs from 2 field cases of typical 
visceral lymphomatosis from the same flock. 
These donor birds both showed enlargement 
of the liver, spleen, kidneys, and ovary. Sam- 
ples of these organs and of the heart were 
preserved in neutralized 10 per cent formalin, 
sectioned, and stained: with Harris’ hema- 
toxylin and phloxine. All of these organs, 
with the exception of the heart of 1 of the 
donors, showed marked infiltration with lym- 
phoblasts. 

The organs and blood of the donor birds 
were collected separately under aseptic con- 
ditions, and the organs triturated individually 
in sterile physiologic saline solution. The 
chicks were inoculated intraperitoneally with 
3 cc. each of the lymphomatotic material in 
the following groups: 50 each with liver, 
spleen, heart, kidney, ovary, and defibrinated 
blood. For controls, 130 chicks from the same 
source and of the same age and sex were kept 
untreated under similar conditions. 

Ten weeks after inoculation, liver biopsy 
operations were initiated on a group of 96 
birds, including 72 inoculated birds and 24 
controls. These were divided into four series 
of 24 each (18 inoculated—3 from each inocu- 
lated group—and 6 controls), which were ro- 
tated weekly, each series thus being operated 
on at monthly intervals. A total of 453 oper- 
ations was performed during the course of the 
experiment. These included 10 operations 
each on all birds which survived for the dura- 
tion of the experiment, and fewer operations 
each in proportion to the length of life of birds 
which died during the course of the experi- 
ment. Techniques used in biopsy operations 
were those described in a previous paper.® 

In addition to the main transmission experi- 
ment, seven serial passages through young 
chicks were undertaken. The purpose of this 
work was to test further the possibility of in- 
creasing the virulence of the causative agent 
and thus shortening the incubation period. 
While similar passages had been successful 
in the experiment of the preceding year (1943 
to 1944), very small numbers of chicks had 
been used, and it was hoped that a repetition 
of the previous work with larger groups of 
chicks would furnish more conclusive data. 

On Feb. 27, 1945, 50, 33-day-old White 
Plymouth Rock chicks were inoculated intra- 
peritoneally with 3 cc. each of a trituration 
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of liver and spleen in normal saline solution 
from a case of visceral lymphomatosis ap- 
pearing among the inoculated birds of the 
main transmission experiment. Fifty chicks 
of the same lot were kept untreated as con- 
trols. 

On March 27, 1945, a case of visceral 
lymphomatosis appearing in serial passage 2 
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was used to inoculate 40, 36-day-old Barred 
Plymouth Rock chicks intraperitoneally with 
3 ec. each of the inoculum, while 29 chicks 
of the same lot were kept untreated as con- 
trols. This group was considered serial pas- 
sage 6. On the same date, in order to com- 
pare the effects of intraperitoneal and intra- 
muscular inoculation, 3 cc. of the same inocu- 


TABLE |—Comparison of Incidence of Visceral Lymphomatos's in Various Groups by Inoculum in Two Transmission 
Experiments 


_ Experiment 1 (1943-44) 


Experiment 2 (1944-45) 


Average for Both 


Visceral Visceral Visceral 
Inoculum No. lymphomatosis No. lymphomatosis No lymphomatosis 

used in group (%) in group (%) in group (%) 
Liver 50 48 50 60 100 54 

Kidney 51 47.1 50 34 101 40.6 
Spleen an 44 50 36 100 40 
Blood 50 40 50 54 100 47 
Heart 50 24 50 42 100 33 
Ovary 50 24 50 32 100 28 

16.2 4 13.4 


Controls 124 9.6 130 
was used as a donor for serial passage 3. In 
this passage, 25 Barred Plymouth Rock chicks 
14 days old were inoculated intraperitoneally 
with 3 ce. each of a trituration of liver and 
spleen from the donor bird. Thirteen chicks 
of the same lot were kept untreated as con- 
trols. 

On Apr. 17, 1945, in serial passage 4, 40 
Barred Plymouth Rock chicks 20 days old 
were inoculated intraperitoneally with 3 ce. 
each of a trituration of liver in normal saline 
solution, the donor being a case of visceral 
lymphomatosis arising among the inoculated 
birds of serial passage 3. Forty untreated 
chicks of the same lot served as controls. 

On Apr. 28, 1945, in serial passage 5, 50, 
31-day-old Barred Plymouth Rock chicks were 
inoculated intraperitoneally with 3 cc. each of 
a trituration of liver in normal saline solution. 
The donor for this passage was a case of 
visceral lymphomatosis from among the inocu- 
lated birds of serial passage 4. The same 40 
birds which served as controls for serial pas- 
sage 4 also served as controls for serial pas- 
sage 5, since they were of the same lot. 

On May 24, 1945, triturated liver in normal 
saline solution from an inoculated chick from 
serial passage 5 with visceral lymphomatosis 


lum as that used for serial passage 6 was in- 
jected into the right pectoral muscle of each of 
40, 27-day-old Barred Plymouth Rock chicks. 
Twenty-eight chicks of this lot were kept un- 
treated as controls for this group, which was 
designated serial passage 6 M. 

On July 13, 1945, in serial passage 7, 50 
Barred Plymouth Rock chicks 7 days old were 
each inoculated with 3 cc. of a triturated liver 
in normal saline solution from a chick from 
serial passage 6 which showed a typical case 
of visceral lymphomatosis. Fifty chicks of 
the same lot were kept untreated as controls. 

All birds from all groups which died during 
the course of the experiment were autopsied. 
Detailed autopsy records were kept, and tis- 
sues were saved for histologic study from 
many lymphomatotic and all doubtful cases. 
After the termination of the main transmis- 
sion experiment in November, 1945, all sur- 
vivors of this experiment were killed and 
examined. During the latter half of Janu- 
ary, 1946, when few of the inoculated birds in 
the various serial passage groups remained 
alive, all survivors of these groups were 
killed and examined. Again, records of the 
findings were made, and tissues were saved 
for microscopic study from all doubtful cases. 


TABLE 2—Incidence of Visceral Lymphomatosis in Serial Passage Groups of Chicks 


Visceral Ave. age at Time of death 


Age 
inoculated lymphomatosis death (days) after inoculation 
Serial passage No. in group (days) (%) of cases (days) 
2 Cont. 50 1S 
2 Inoc. 50 33 18 97.9 
3 Cont. 13 7.7 
3 Inoc. 25 14 “4 54.3 
4 Cont. 40 25 
4 Inoe. 40) 70 78.5 
5 Cont. 40 25 
5 Inoc. 50 31 5S 145.0 
6 Cont. 29 48.3 
6 Inoc 40 36 62.5 68.9 
6 M Cont. 28 28.3 
6 M Inoc. 40 27 62.5 39.5 
7 Cont. 50 12 
7 Inoe. 50 7 3S 23.4 
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Samples of liver, spleen, heart, kidney, and, 
in some cases, ovary from 148 chickens were 
prepared for study. These included tissues 
from 66 inoculated birds and 20 controls in 
the main experiment, and from 45 inoculated 
birds and 17 controls from the serial passage 
groups. All tissues were fixed in Bouin’s 
fixative, embedded in paraffin, and sectioned. 
Duplicate slides of each tissue were stained, 
one each in Harris’ hematoxylin and phloxine, 
and one each in Harris’ hematoxylin and 
orange G. 


RESULTS 


Results of Transmission.—Of 300 birds 
inoculated with lymphomatotic material in 
the main transmission experiment, 129 
(43%) developed visceral lymphomatosis. 
Meanwhile, 22 controls (16.2%) developed 
the disease. Thus, the incidence increased 
from a spontaneous incidence of 16.2 to 43 
per cent, or was almost three times as great 
in the inoculated birds as in the controls. 

During the same period, 27 cases (9%) of 
neurolymphomatosis appeared among the in- 
oculated birds, as compared with 14 cases 
(10.8%) among the controls. Ten cases of 
granuloblastosis (3.3%) appeared among the 
inoculated birds, as compared with 7 cases 
(5.4%) among the controls. One case of mixed 
neurolymphomatosis and visceral lymphoma- 
tosis was found among the inoculated birds, 
while no similar case was found among the 
controls. Two mixed cases—one a mixed 
erythroblastosis and _ granuloblastosis, the 
other a mixture of granuloblastosis with an 
unusual primitive cell (probably early lympho- 
blastic in nature) type of leucosis—appeared 
among the controls, with no comparable cases 
in the inoculated birds. No cases of pure 
erythroblastosis or osteopetrosis appeared 
among either inoculated birds or controls. 

Thus in this transmission experiment, as 
in the previous experiment of 1943 to 1944, 
no type of leucosis, other than the visceral 
lymphomatosis which was inoculated, was 
increased in the inoculated group as com- 
pared with the control group. This sug- 
gests that visceral lymphomatosis was again 
transmitted in this experiment as a sep- 
arate entity distinct from neurolymphoma- 
tosis and osteopetrosis, and from the my- 
elogenous forms of avian leucosis, erythro- 
blastosis, and granuloblastosis. 

The average age at death in cases of visceral 
lymphomatosis among the inoculated birds was 
189.5 days (171.5 days after inoculation with 
lymphomatotic material), as compared with an 
average of 242 days of age at death in the 
spontaneous cases in the controls. In cases 
of neurolymphomatosis among the inoculated 
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birds, the average age at death was 155.8 days 
(137.8 days after inoculation) as compared 
with an average of 163.9 days at death in con- 
trol cases of neurolymphomatosis. In cases of 
granuloblastosis among the inoculated birds, 
the average age at death was 231.2 days (211.2 
days after inoculation) as compared with an 
average age of 211 days at death in cases of 
granuloblastosis among the controls. The inocu- 
lated case of mixed neurolymphomatosis and 
visceral lymphomatosis died at 142 days of age 
(124 days after inoculation). In the mixed 
leucosis cases in the controls, the bird with 
mixed erythroblastosis and granuloblastosis 
died at 197 days of age, while the bird with 
mixed granzloblastosis and primitive cell 
lymphoblastosis lived to 374 days of age. 

The results of the inoculation of indi- 
vidual organs into the various groups of 
birds in the inoculated flock may be sum- 
marized as follows: 

Of the 50 chickens in the liver-inoculated 
group, 30 (60%) died of visceral lymphoma- 
tosis at an average age of 193.4 days (average 
of 175.4 days after inoculation); of the 50 
chickens in the blood-inoculated group, 27 
(54%) died of visceral lymphomatosis at an 
average age of 160.3 days (average of 142.3 
days after inoculation) ; of the 50 heart-inocu- 
lated chickens, 21 (42%) died of the disease 
at an average age of 211.4 days (average of 
193.4 days after inoculation); of the 50 
spleen-inoculated chickens, 18 (36%) died of 
the disease at an average age of 167.9 days 
(average of 149.9 days after inoculation); of 
the 50 kidney-inoculated chickens, 17 (34%) 
died of the disease at an average age of 211.4 
days (average of 193.4 days after inocula- 
tion) ; while of the 50 ovary-inoculated birds, 
16 (326) died of visceral lymphomatosis at 
an average age of 203.9 days (average of 
185.9 days after inoculation.) 

Thus, in all groups, the percentage of 
visceral lymphomatosis was increased from 
16.2 per cent in the controls to 32 to 60 per 
cent in the inoculated groups. The average 
age at death was decreased from 242 days 
in the controls to from 160.3 days in the 
blood-inoculated group to 211.4 days in the 
heart- and kidney-inoculated groups. The 
average age at death, of cases in the various 
inoculated groups, shows no correlation 
with the percentage of cases occurring in 
these groups. 

A comparison of these results with the 
results of the previous similar experiment 
in 1943 to 1944 is given in table 1. Thus, 
in both years, the highest percentage of 
cases occurred in the liver-inoculated group 
and the lowest percentage in the ovary- 
inoculated group, with the other groups in- 
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termediate but not consistent for the two 
experiments. 

Chi square tests on the combined data 
summarized in table 1 gave the following 
results: 

1) Considering the number of birds, the 
percentage of visceral lymphomatosis in the 
seven groups was similar in the two experi- 
ments, as indicated by chi square with a prob- 
ability of 34 per cent in the test for 
homogeneity. This fact justifies combining 
the data of the two experiments. 

2) The combined results for the two ex- 
periments indicate very highly — significant 
differences (P < 0.01) among the percentages 
of diseased birds in the seven groups. 

3) Furthermore, the evidence is strong 
that the six inoculums used possessed different 
infective capacities (P = 0.055 for chi square). 
Liver inoculum produced significantly more 
(P < 0.05), and ovary inoculum produced sig- 
nificantly less disease than the average of the 
six inoculums, while the other four inoculums 
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lived for an average of 151.8 days (118.8 days 
after inoculation), while a mixed case (2%) 
among the controls which showed not only 
lymphomatosis and granuloblastosis, but also 
erythroblastosis, lived for only 88 days. The 
greater percentage of mixed cases among the 
inoculated birds suggests that, in these cases, 
an introduced lymphomatosis may have been 
superimposed on a spontaneous myelogenous 
type of leucosis. 

In serial passage 3, 16 (64%) of the 25 
inoculated birds died of visceral lymphoma- 
tosis at an average age of 68.3 days (54.3 
days after inoculation), while 2 (7.7%) of the 
13 controls died of the disease at an average 
age of 213 days. One (4%) of the 25 inoculated 
birds died of neurclymphomatosis at 93 days 
of age, while none of the controls showed this 
disease. No cases of myelogenous leucosis ap- 
peared among either inoculated birds or con- 
trols. 

In serial passage 4, 35 (70%) of the 59 
inoculated birds died of visceral lymphoma- 


showed no significant differences from the tosis at an average age of 98.5 days (78.5 days 
average. after inoculation), as compared with 10 
Results of Serial Passaye.—In serial pas- (25%) of the 40 controls which died of the 


sage 2, 24 (48%) of the 50 inoculated birds 
died of visceral lymphomatosis at an average 
age of 130.9 days (average of 97.9 days after 
inoculation), as compared with 9 (18%) of the 
controls, which died of the disease at an aver- 
age age of 197.7 days. At the same time, 3 
birds (6%) of the inoculated group died of 
neurolymphomatosis at an average age of 219.7 
days, as compared with 1 control (2%) which 
died of neurolymphomatosis at 356 days of age. 
Three cases (6%) of granuloblastosis ap- 
peared in the inoculated group, which died at 
an average age of 76 days, while the 5 cases of 
myelogenous leucosis (10%) (1 a case of pure 
erythroblastosis, the other 4 granuloblastosis) 
lived for an average of 221.2 days. Four cases 
(8%) of mixed lymphogenous and myelo- 
genous leucosis among the inoculated group 


disease at an average age of 202.2 days. Dur- 
ing the same period, 1 (2‘~) of the 50 inocu- 
lated birds died of neurolymphomatosis at 205 
days of age, while 3 (7.5%) of the controls 
died of the same disease at an average age of 
219.3 days. One case of granuloblastosis ap- 
peared in the inoculated group, which died at 
212 days of age, while no myelogenous cases 
appeared among tke controls. One case of 
mixed visceral lymphomatosis and _neuro- 
lymphomatosis appeared among the controls 
which died at 132 days of age. 

In serial passage 5, 29 (58%) of the 50 
inoculated birds died of visceral lymphoma- 
tosis at an average age of 176 days (145 days 
after inoculation); 2 birds (4%) died of neu- 
rolymphomatosis at an average age of 230 
days; and 1 bird (2%) died of granuloblas- 


TABLE 3—Incidence of Forms of Leuco-is Other Than Visceral Lymphomatosis in Serial Passage Groups of 


Chicks 
Mixed 
myeloid Mixed 
Ave. Ave leucosis Ave neuro- Ave 
Neuro- age at age at and visceral ageat and visceral age at 
lympho- death Myeloid death Iympho- death lympho- death 
Serial No. in matosis (days) leucosis (days) matosis (days) matosis (days) 
passage group (%) of cases (%) of cases (%) of cases (%) of cases j 
2 Cont. 50 2 356 10 221.2 2 SS 
2 Inoc. 50 6 219.7 6 76 ‘ 151.8 
Cont. 3 
3 Inoc. 25 93 
4 Cont. 40 7.5 219.3 . 2 132 
4 Inoc. 40 2 205 2 212 
5 Cont. 40 7.5 219.3 3 2.5 132 
5 Inoc. 50 4 230 2 106 
6 Cont. 29 3.4 144 , 
6 Inoc. 40 2.5 120 2.5 103 
6 M Cont 28 3.6 199 
6 M Inoe. 40 5 74 5 58.5, 
7 Cont. 50 2 154 


7 Inoc. 50 ne 


JANUARY, 1949 


tosis at 106 days of age. The control series 
was the same as for serial passage 4, since all 
of these birds were of the same age and lot. 

In serial passage 6, the control group of 29 
birds showed a high incidence (48.3%) of 
visceral lymphomatosis, and these birds died 
of the disease at an average age of 192.6 days. 
The 40 inoculated birds showed 25 cases 
(62.5% ) of visceral lymphomatosis which died 
at an average age of 104.9 days (68.9 after 
inoculation), considerably sconer on the aver- 
age than the uninoculated cases of the con- 
trol group. The inoculated group had 1 case 
of neurolymphomatosis (2.5%), which died at 
120 days of age. One case (3.47) occurred in 
the controls, dying at 144 days of age. One 
case (2.5°7) of granuloblastosis appeared in 
the inoculated group, which died at 1083 days 
of age, and no myelogenous cases appeared in 
the controls. 

In serial passage 6 M, 25 (62.5%) of the 
inoculated birds died of visceral lymphomatosis 
at an average age of 66.5 days (39.5 days after 
inoculation), as compared with & (28.3¢7.) of 
the 28 controls, which died at an average age 
of 186.8 days. Two (5%) inoculated birds 
died of granuleblastosis at an average age of 
74 days, and 2 died of mixed visceral lympho- 
matosis and granuloblastosis at an average 
age of 58.5 days (31.5 days after inoculation). 
No myelogenous leucosis appeared among the 
controls, but 1 case of neurolymphomatosis 
(3.6% ) died at 199 days of age. 

In comparing serial passage 6, where inocu- 
lation was made intraperitoneally, with serial 
passage 6 M, where inoculation was made with 
the same material but intramuscularly and 
using chicks 9 days younger, it was found that 
the greater increase in the incidence of vis- 
ceral lymphomatosis, as well as the greater 
decrease in length of life of leucotic cases as 
compared with similar cases in the control 
groups, occurred in the intramuscularly in- 
oculated group. None of the cases of leucosis 
in the latter group showed gross lesions at 
the site of inoculation, or in any skeletal 
muscle, but all showed visceral (including the 
heart) lesions similar to those found in cases 
which occurred among the intraperitoneally 
inoculated birds. 

In serial passage 7, 19 (38°) of the inocu- 
lated birds died of visceral lymphomatosis at 
an average age of 30.4 days (23.4 days after 
inoculation), while 6 (12%) of the 50 controls 
died of the disease at an average age of 144.5 
days. Excepting 1 case (2%) of neurolymph- 
omatosis among the controls, which died at 154 
days of age, no cases of other types of leucosis 
developed among either control or inoculated 
birds. 

These results of the serial passages, in- 
sofar as they refer to visceral lymphoma- 
tosis, are summarized in table 2. Table 3 
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summarizes the incidence of other forms 
of leucosis in the various serial passage 
groups. 

Thus, in all serial passages, the inocu- 
lated groups showed a marked increase in 
the incidence of visceral lymphomatosis as 
compared with the control groups, while no 
other type of leucosis was increased to a 
degree which could be considered significant 
in any passage. In serial passage 2, there 
was an unusually high incidence of myelo- 
genous leucosis, including both granulo- 
blastic and erythroblastic types. The total 
of the mixed myelogenous and lympho- 
genous cases, probably representing an ex- 
perimentally produced visceral lymphoma- 
tosis superimposed on spontaneous myelo- 
genous leucosis, and the pure myelogenous 
cases, gives 14 per cent in the inoculated 
group as compared with 12 per cent in the 
controls, or only 1 more case in the former. 
In general, in the inoculated groups of the 
serial passages, the incidence of visceral 
lymphomatosis was increased as compared 
with the incidence in the inoculated group 
of the main transmission experiment where 
the donors were field cases. Also, the av- 
erage age at death and the average time of 
death after inoculation were decreased in 
general. However, the increase of incidence 
of visceral lymphomatosis, and the decrease 
in age at which birds died of the disease, 
were not altogether consistent in successive 
passages. The part played by differences in 
age of the various groups of chickens at the 
time of inoculation, differences in resistance 
of the various lots, etc., is obscure. 

Histologic Results.—Portions of liver, heart, 
spleen, kidney, in many cases ovary, and in a 
few cases nerve tissue, from 148 chickens 
were studied microscopically. Most of these 
were cases of suspected visceral lymphoma- 
tosis, but a few were cases of suspected myelo- 
genous leucosis examined microscopically to 
determine the type. 

Of the 66 inoculated birds from the main 
experiment which were studied histologically, 
26 were found to be negative for all types of 
leucosis, 26 showed visceral lymphomatosis, 3 
neurolymphomatosis, 9 granuloblastosis, and 
2 a mixture of neurolymphomatosis and vis- 
ceral lymphomatosis. Of the 20 control 
chickens from the main transmission experi- 
ment which were examined microscopically, 4 
were negative for all forms of leucosis, 5 
showed visceral lymphomatosis, 3 neurolym- 
phomatosis, 6 granuloblastosis, 1 a mixed 
erythroblastosis and granuloblastosis, and 1 a 
mixed granuloblastosis i.nd primitive stem cell 
lymphoblastosis. 
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Of the 45 inoculated birds from the serial 
passage groups studied histologically, 22 were 
negative, 12 showed visceral lymphomatosis, 5 
myelogenous leucosis, and 6 mixed visceral 
lymphomatosis and myelogenous leucosis. Of 
the 17 controls examined from the serial pas- 
sage groups, 11 were negative, 2 showed vis- 
ceral lymphomatosis, 3 myelogenous leucosis, 
and 1 a mixture of visceral lymphomatosis, 
erythroblastosis, and granuloblastosis. Of the 
28 chickens in the main transmission experi- 
ment (control and incculated), which were ex- 
amined microscopically and showed visceral 
lymphomatosis, and the 3 mixed cases which 
showed visceral lymphomatosis as a part of 
the pathologic picture, 29 showed lesions in the 
liver, 19 in the spleen, 25 in the heart, 21 in 
the kidneys, and 20 in the ovary, while 1 had 
a large lymphoblastoma of the pancreas. Of 
the 21 serial passage cases of visceral lympho- 
matosis (controls and inoculated) and mixed 
leucosis including visceral lymphomatosis 
which were studied histologically, 20 showed 
lesions in the liver, 15 in the spleen, 16 in the 
heart, 17 in the kidneys, and 5 (of 8 in which 
the ovary was included among the organs 
studied) showed lesions in the ovary. 

Of the 17 cases of myelogencus leucosis in 
controls and inoculated birds of the main 
transmission experiment, 13 showed lesions in 
the liver, 9 in the spleen, 10 in the heart, 12 
in the kidneys, and 4 (of 4 ovaries studied) in 
the ovary. Of the 15 myelogenous cases among 
the serial passage controls and _ inoculated 
birds which were examined microscopically, 
all 15 showed lesions in the liver, 9 in the 
spleen, 9 in the heart, 10 in the kidney, and in 
4 of the 11 ovaries studied. In addition, the 
cases of erythroblastosis showed marked in- 
volvement of the circulating blood. 

In tabulating these results, mixed cases 
were listed under both types of leucosis 
shown. For example, the liver was listed 
under both visceral lymphomatosis and 
granuloblastosis if it showed both tynes of 
cell infiltration, but was listed under only 
one or the other type if only that type of 
cell infiltration was observed. 

The 52 cases of visceral lymphomatosis 
from all groups showed the organs exam- 
ined to be involved in the following order 
of frequency: liver in 49 (94%), ovary in 
25 (89%) of 28 examined, heart in 41 
(79%), kidneys in 38 (73%), and spleen 
in 34 (65%), and the pancreas in 1 case 
(1.9%). In 32 myelogenous cases from all 
groups, lesions were found in the various 
organs in the following order of frequency: 
liver in 28 (88%), kidneys in 22 (69%), 
heart in 19 (59%), spleen in 18 (56%), 
and ovary in 8 (53%) of 15. studied. 
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All organs examined were found to be in- 
volved frequently, with relatively insig- 
nificant differences between the various or- 
gans, except that the iver was most com- 
monly involved in both lymphogenous and 
myelogenous types of leucosis. 

The results of liver biopsy closely paral- 
leled those of the preceding experiment 
(1943 to 1944), described in detail in a 
previous paper.° ‘ 


SUMMARY AND CONCLUSIONS 


1) The incidence of visceral lymphonta- 
tosis was apparently increased by inocula- 
tion with cell-containing material from lym- 
phomatous field cases from 16.2 per cent in 
controls to 43 per cent in inoculated birds. 

2) Visceral lymphomatosis was _ trans- 
mitted apparently as a separate entity dis- 
tinct from other forms of avian leucosis, 
since no increase in the incidence of any 
other type of leucosis than the visceral 
lymphomatosis which was inoculated was 
found in inoculated birds as compared with 
controls. This agrees with the findings in 
a similar experiment conducted in 1943 to 
1944 at this station. 

3) The results of the separate inocula- 
tion of liver, kidney, spleen, ovary, heart, 
and defibrinated blood from lymphomatous 
field cases in several groups of birds showed 
that deaths from visceral lymphomatosis in 
the several groups varied between 32 per 
cent in the ovary-inoculated group and 60 
per cent in the liver-inoculated group, with 
the other groups intermediate. These re- 
sults, when combined with the results of 
the similar experiment in 1943 to 1944, 
show that there is no significant difference 
in the infective capacity of the various or- 
gans as compared with the average for all 
six inoculums, with the exception of the 
liver, which caused a percentage of deaths 
significantly higher than the average, and 
the ovary, which caused a percentage of 
deaths significantly lower than the average. 

4) The survival period for cases of vis- 
ceral lymphomatosis was apparently short- 
ened by inoculation with lymphomatous ma- 
terial from an average of 242 days of age 
at death in spontaneous cases among the 
controls to an average of 189.5 days at death 
in the inoculated cases in the main trans- 
mission experiment. 

5) In the serial passage of visceral lym- 
phomatosis, the disease was successfully 
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transmitted in seven successive passages. In 
general, in inoculated groups of the serial 
passages, the incidence of visceral lympho- 
matosis was increased as compared with the 
incidence in the inoculated group of the 
main transmission experiment, where the 
donors were field cases; and the average 
age at death was comparatively decreased 
in all inoculated serial passage groups. How- 
ever, the increase of incidence and decrease 
in age at death of cases of visceral lympho- 
matosis was not regularly consistent in suc- 
cessive serial passages. 

6) In all cases of visceral lymphomatosis 
examined microscopically, in controls as 
well as inoculated birds both in the main 
transmission experiment and in the seven 
serial passages, lymphomatous lesions were 
found in 94 per cent of the livers examined, 
89 per cent of the ovaries, 79 per cent of 
the hearts, 73 per cent of the kidneys, and 
65 per cent of the spleens. In all cases of 


myelogenous leucosis examined microscopi- 
cally, lesions were found in 88 per cent of 
the livers, 69 per cent of the kidneys, 59 
per. cent of the hearts, 56 per cent of the 
spleens, and 53 per cent of the ovaries. 

7) Intramuscular inoculation of the lym- 
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phomatous material used in this experiment 
apparently is no more likely to produce lo- 
calized tumors at the site of inoculation 
than is intraperitoneal inoculation ef the 
same material. 
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A Comparison of Filtration and Antibiotic Treatment for the 
Recovery of Newcastle Virus érem Spontaneous Cases 


F. R. BEAUDE.TE, D.V.M., J. A. BIVINS, D.V.M., M.S., 
and BARBARA R. MILLER, B.S. 


New Brunswick, New Jersey 


WE HAVE reported? that Newcastle disease 
virus was recovered by filtration with Boer- 
ner filters from 14 of 22 birds in ten con- 
signments of which one or more organs or 
exudate samples per consignment yielded 
virus. Virus was rezovered from only two 
exudate samples with antibiotic treatment. 
Three explanations for the very low inci- 
dence of recoveries in the latter were sug- 
gested: (1) The exudate samples had been 
held longer when treated with antibiotic 
agent than when filtered; (2) the anti- 
biotic-treated inoculums were more diluted; 
and (3) the antibiotic-treated inoculums 
were incubated at room temperature for 
several hours before inoculation, as op- 
posed to immediate inoculation of filtrates. 
Osteen and Anderson* state that little 
trouble was experienced in recovering New- 
castle disease virus from contaminated 
specimens from a‘ected birds when strep- 
tomycin was used. They do not state what 
tissues or exudates were studied. Walker* 
also mentions the use of antibiotics for re- 
covery of virus from throat swabs. One 
would expect that antibiotic treatment of 
exudates should yield more virus recoveries 
than filtration, for it was shown! that some 
virus did not pass all Boerner filters. An 
attempt to verify this point was made. 


EXPERIMENTAL 


Respiratory exudates from 58 birds from 30 
cases were examined.* There were 36 pullets 
and 1 hen from 25 cases and 21 chicks from 5 
cases. The exudates were prepared for in- 
oculation as follows: Mucous samples were 
collected in sterile tubes from the tracheas of 
birds which showed clinical and _ pathologic 
evidence of Newcastle disease. The individual 
samples, properly labeled, were stored at —20 C. 
until it was desired to process them. Then the 
samples were thawed, the mucus was mac- 
erated with a sterile pipette, and 5 cc. of broth 
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wick. 

*The cases were selected by C. B. Hudson, to 
whom thanks are due, in connection with the 


diagnostic service conducted at the laboratory. 


was added. The broth and mucus were mixed 
thoroughly and frozen for two to four days. 
At this time they were thawed, shaken, and 
centrifuged ten minutes at 1,500 r.p.m. One 
cubic centimeter of the supernatant liquid 
was transferred to a tube and frozen until 
treated with antibiotics; 2 cc. were placed in a 
sterile Boerner filter and centrifuged six 
minutes at 3,500 r.p.m., a force shown by ex- 
perience to be sufficient to ensure passage of 
all the sample through the filter pad in nearly 
all instances. There were four of the 58 sam- 
ples in which filtration was not complete with 
this force, and these were recentrifuged for an 
additional five minutes at 3,500 r.p.m. w-thout 
an appreciable increase in filtrate volume. The 
filtrates were cultured, transferred to a sterile 
tube, and frozen until inoculated. No growth 
was obtained on nutrient agar plates in forty- 
eight hours with any filtrate. On the day of 
inoculation, all samples were thawed. One 
cubic centimeter of a solution containing 10,000 
units of penicillin G** and 10,000 units 
(0.01 Gm.) of streptomycin’ was added to 
each tube saved for antibiotic treatment. The 
mixture was allowed to stand at room tem- 
perature for forty to one hundred and fifty 
minutes before inoculation. Inoculation of 
both filtrates and antibiotic-treated samples 
was completed in about two hours. The anti- 
biotic-treated samples, in preparation, had been 
diluted twice as much as the filtrates. Hence, 
2 times the volume of inoculum was given; i.e., 
0.1 ec. per egg for filtrates and 0.2 cc. per egg 
for the antibiotic group. Three hen eggs, 
embryonated 10 or 11 days, were inoculated in 
the allantoic chamber with each specimen. 
They were candled once daily for seven days 
after incculation. All dead embryos were cul- 
tured, but tissue (liver) for further passage 
was not saved from first-day dead or from 
second-day dead where the cause of death 
was obviously trauma. Only 1 embryo from 
the filtrate group showed contamination but, 
in the penicillin group, 2 were contaminated 
with fungi and 1 with bacteria. In each in- 
stance, however, the 2 other eggs receiving the 
same inoculum were bacteriologically sterile. 
In 4 other instances, one or two colonies de- 
veloped on cultures of embryos from the anti- 


**k. R. Squibb & Sons, New York 
‘As streptomycin sulfate equivalent Eli 


Lilly 
& Co., Indianapolis. 


(92) 


| 
| 
| 


JANUARY, 1949 NewcasTLz Vinus 


TABLE !—Occurrence of Virus Recoveries 


Case Bird Remarks to u- Tracheal exudate Pool 
No. No. Age about bird lation “Filter Antibiotic Brain Spleen Yolk B.S.Y. 
25578 l P 99 
25612 ] P 85 
25618 4 83 . am 
25630 1 P 78 _ 
25634 1 P 78 
25662 1 P 7 
25671 1 P 74 
25692 1 63 
63 
25584 1 Paralyzed 98 4 B 
3 P Dead 98 } +4 
25597 1 Paralyzed 96 + 
25614 1 P Paralyzed 84 
2 P Paralyzed S4 - 
P Paralyzed S4 ry 
25640 1 P 80 
2 P S0 1 1 
25801 1 } 4 
2 
3 - 
25573 1 H 99 + 4 
2 I’ 99 1 4 
1 4 81 + + 
1 P 63 + +4 
1 I’ 96 4 
25605 1 P 92 - + 
25623 1 P 8s — + 
1 P 78 4 
25647 1 P 76 
25641 1 P 77 -- 
25669 1 78 + 
25886 1 69 
2 Paralyzed 69 
3 c Paralyzed 69 4 
4 ( Paralyzed 69 4 
5 Paralyzed 69 
6 Cc Paralyzed 69 } 
7 Paralyzed 69 4 
25751 1 ( 45 4 re 
2 Cc 15 + 4 
45 4 4 
4 Cc 45 + 4 
c 45 
6 5 4 
7 ( 45 4 4 
8 Cc 45 + 
9 2 15 4 
Exptl. 
Chick 1 Cc Dead 40 
Exptl. 
Chick 2 Cc Dead 39 4 4 
25758 1 Cc 38 - 4 
2 Cc 38 + 
3 ( 38 4 
; 30 58 16 36 3 1 2 


P= pullet; H = hen; C= chick: B = bacterial contamination; B.S.Y. = brain, spleen, yolk. 
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biotic group but were considered to be air con- 
taminants on the culture plate. 

Organs from 9 pullets in 5 of these cases 
were examined by a method already described.’ 
In 1 other case, the brain, spleen, and yolk of 
1 bird were pooled for inoculation. 

The results are presented in table 1. It may 
be seen that of 58 mucous samples, 38 yielded 
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antibiotic treatment was put in a larger 
tube than the filtrate. The chance for an 
error in identification was, therefore, un- 
likely. Furthermore, if the antibiotic solu- 
tion had been added to a filtrate, the mate 
tube should have given contaminated em- 
bryos, yet in no case were all 3 embryos re- 


TABLE 2—Virus Isolations According to Age of Bird 


No. Per cent 
examined Age F— PS— F— PS+ F+ PS+ F+ PS— + + 
1 Hen 0 0 1 0 1 100.0 
36 Pullets 19 10 5 2 17 47.2 
21 Chicks 1 12 S 0 20 95.2 
58 Total 20 22 14 2 s 65.5 
F— = Filtrate yielded no virus; PS+ Penicillin- and streptomycin-treated exudate yielded virus. 


virus. Only 16 filtrates yielded virus, whereas 
36 antibiotic-treated samples were positive. 
In 14 instances, both filtrates and antibiotic 
specimens were positive; in 2, the filtrate was 
positive and the antibiotic specimen negative; 
in 22, the filtrate was negative but the anti- 
biotic specimen was positive. Twenty were 
negative with both preparations. 

Of the 9 pullets from which individual or- 
gans were examined, three brains, one spleen, 
and two yolks yielded viru One spleen was 
contaminated and was not used. Two of the 
positive brains, the positive spleen, and one 
of the yolk recoveries were from birds whose 
tracheal exudate did not yield virus. The 
other positive brain and yolk occurred in a 
pullet in which the antibiotic-treated exudate 
was positive, but the filtrate was not. <A pool 
of brain, spleen, and yolk of a tenth bird did 
not yield virus nor did the tracheal exudate. 
Virus isolations are summarized, according 
to age, in table 2. 


DISCUSSION 


It is apparent from the data that the time 
of holding the sample was not a limiting 
factor in virus recovery, because virus was 
recovered in both preparations of exudate 
of a pullet and of a hen after ninety-nine 
days of holding, the longest period used. 

Virus was isolated from a total of 38 mu- 
cous specimens. There were 36 recoveries 
(62%) in the penicillin-streptomycin- 
treated samples as opposed to only 16 
(27.5%) positive filtrates. The former fig- 
ure agrees very well with the percentage of 
positive birds (63.35%) previously found 
in positive flocks and is much higher than 
the percentage of positive tissues (39.91% ) 
found.! In 2 instances, however, filtrates 
yielded virus, but their respective antibiotic 
mates did not. It is difficult to find an ex- 
planation for such results. The material for 


ceiving the same inoculum found contami- 
nated. 

It might appear from table 2 that the 
failures to isolate virus from the pullet ex- 
udates (19 of 36) were unduly high, par- 
ticularly when compared with the chicks 
(1 of 21). It has been noted! that virus is 
recovered less often as the age of the bird 
increases and that the virus is more likely 
to be recovered from an outbreak if a suf- 
ficient number of birds per flock or of tis- 
sues per bird is examined. Thus, the 1 
negative chick was 1 of 7 (table 1) in a 
consignment, and each of the other 6 chicks 
did yield virus. On the other hand, 8 of the 
negative pullets were submitted individual- 
ly, and in only 2 of them were organs ex- 
amined. Seven other exudates from 5 pullet 
consignments were negative but, in this 
group, 1 or more of the other birds in each 
consignment yielded a positive exudate and, 
therefore, the case would have been diag- 
nosed positive despite the seven negative 
exudates. The exudates from 2 pullets of 
another consignment were negative, but 
here the virus was recovered from the or- 
gans of 1 of the birds. In this consignment, 
the tentative diagnosis at the time of post- 
mortem would not have been confirmed if 
one were relying on virus recovery from 
respiratory exudate as the basis for con- 
firmation. Finally, exudates from 2 pullets 
from one consignment were negative but, 
in this instance, no organs were examined. 


SUMMARY 


1) Of 58 samples of exudate taken from 
birds thought to have Newcastle disease at 
postmortem examination, virus was recov- 
ered from 38. Thirty-six (62.0%) yielded 
virus when treated with penicillin and 
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streptomycin, but only 16 (27.5%) filtrates 
were positive. 

2) In 14 instances, both preparations 
were positive, and in 20 instances, both 
preparations were negative. Twenty-two 
samples yielded positive antibiotic prep- 
arations but negative filtrates, and in two 
samples, the filtrates were positive, but the 
antibiotic preparations were negative. 
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BUT THIS IS EASY 


AND THIS IS 
MIGHTY WONDERFUL 


Sure, you believe in saving. 

But it’s hard to take cash out of your pocket, 

time out of your day, to do it regularly. 
The sure way, the easy way to do your 

saving Is to get started on an automatic sav- 

ings plan with U. S. Savings Bonds. Like 

Chis... 


1. If you're on a payroll, sign up in the 
Payroll Savings Plan, then forget it. From 
then on the money saves itself—so much 
per week, or so much per month. 


2. If you're not on a payroll, sign up at 
your bank for the Bond-A-Month Plan. 
You decide how much to put into bonds, 
your bank does the rest. 


In just ten years after you start buying 
bonds, your money starts coming back to you 
—$4 for every $3 you put in. 

And remember— any time you need your 
money for emergencies, you can get it back 
in minutes without losing interest. 


Automatic saving is sure saving—US. Savings Bonds 


Contributed by this magazine in co-operation with the 
Magazine Publishers of America as a public service. 
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mass demonstration in the auditorium 


The projectionist can follow a specimen through a progres- 
sive series of ever-closer localizations, from its gross aspect 
to its ultimate microscopic demonstration: under oil-immersion 


The auxiliary Scopicon dark-chamber “round-table” 
affords superb facility for small-group study. 
Here the projected image is cast upon a platen 
within a light-tight chamber, with separate light- 
excluding viewing hoods for each observer. Any 
number up to ten may share in conference, which 
can be conducted in a normally lighted room. A 
pointer at each port permits any observer to indi- 


cate areas of interest to all the others for discussion. 


small-group 

“round-tables” 
in a normally 
lighted room 


SCOPICON, Ine. 
215 East 149th St., New York 51, N. Y. photomicrographs 
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